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R - “DRAFT

ABSTRACT
Reclamation of the Jackpile mine in northwestern New Mexico includes

e backfilling parts of three open pits, and modifying the shapes of about

0w
32 waste-rock piles. The reclaimed land is intended for livestock grazing.
"Uranium was mined from the Jackpxle sandstone (of economic useage) in the upper

152

part of the Morrison Formation from 1953 to Tﬂ\p Primary hydrologic coacerns
are that oxidation and large ;urface area of wa;te rock may promote above-normal
dissolution of rock minerals by water. Little is known about the quality of
water flowing through the waste, howevet.- The climate is arid. ﬁean annual
rainfall is 9.5 inches, and evapotransPitation'loéses are about 98_percent of
rainfall.

The mine area is drained b} the-Rio Paguate and its tributary, the Rio
Moquino. The Rio Paguate flows into the Paguate reservoir, then into the Rio
San Jose about six milés south of the Jackbile.mine. Mean annual discharge in
the Rio Pagiuate is about 430 cubic feet per second, about half of which is‘
ground-water discharge. Sediment hgs nearly filled the Paguate rggervoi;, but
}éss thaﬁ one peréent is estimated to have resulted from mining activity.

The annual recharge rate is about 0;}_inches_ip the 107 square mile
draiqaéé area.above>the-mine.- Recharge to rocks in the Jackpile mine is from
higher areas to the ;est, and pr&babl& froﬁ the noFth. Some_rechérge may occutr
locally in the mine. Most of the shallow, loégl'gfo;nd-dhte; flow-discharggs to

mine pits, to underground mines presently being dewatered, and to-gt;eams.

b
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Sulfate concentration is .the limiting factor for use of stream water in the
. < v

mine area as a public 'supply. Concentrations of minor elements and
radionuclides are below maximums reéommended for use as a public supply; except
for a few locations where some samples exceeded limits for manganese, boron,
seienium, or radium 226,

ﬁipé pits.ére presengly sinks-for ground-water discharge. Part of thg pit
backfill willﬁsatQ;ate after reclamation, and the iower part of waste pi1e§
could periodically saturate. Discharée from waste rock will then be to the Rios
Moquino and Paguate, to alluvial and aeolian deposits, and possibly to rocks in
the Morrison Formation. Post-reclamation, water-table equillibrium levels in
waste—rock are not known. Above-normal concentrations of dissolved material
could be injested.by livestock using ponds on backfill, if equillibrium 1eveis -
are above the pit-backfill surface. Computer ground-water models should be used
to dgséribe water—table equillibrium levels in ba;fill and waste pilgs, and to

estimate.volumetric discharge from the waste rock.

. . .
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INTRODUCTLON

Purpose, scope and description of study

The purpose of this report is to describe the hydrologic conditions in the
area of the Jackpile uranium mine, which is located near the town of Laguna, in
northwestern New Mexico (fig. 1). The information will be useful for reclaiming
disturbed surface areas, and fo; establishing a hydrologic monitoring system at
the mine. The scope of the report consists of description of the ground-water
and surface-water systems, including rate and direction of flow, and water
quality. The étudy was conducted primarily by review of available data-and
reports. _Fielq data_collected specifically for this ééporc consisted of

measurements of pond altitudes in pits, head measurements at 34 wells on the

- -~

mine property, results of aquifer tests at five wells, and stream—channel

geometry.

Jackpile mine history a : R

Information described in this section was bhtained ‘from éirepbrt prepared by

the Anaconda Copper Company (1980). The mine consists of approxxmatley
7500 acres of land on the Laguna Indian Reservatzon. The land is’ leased from -

the Pueblo of Laguna by the Anaconda Copper Company. Over 356 mxllxon tons of

“e

material have been moved since miﬁ{ng began in 1953 anludlng 22~m1L110n tons-

of ore. The mxnxng has affected 2656 acres of land of-qhich AQS:aérés have

C AMACOM NP FROPOSET - e T
been reclaimed A%&—drstUtbed-aioa—*e to be ‘reclaime with-the Inteqpxon.o:

. usxng the ‘reclaimed 1and for grazzng. The dxsturbed area conszsts-bf. e;

-' - .
. H A \ . - e
g

; s 1015 .acres .- of open plts* 1266 actes COvered by 32 piles of waste tock,QlBS‘ac:es s :’ "{

LA . -

. '..) s . \‘. e . IR L ] .: :..‘-‘:_-.\ ‘
. underlaxn by ore stockpbles, and 190 acres -of” sypporting ﬂac111txes: W z-iZ:N. E

-
. . .:. NI . . . R % .
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Ore was excavated by the open—pic method from 1953 to late 1980. The
open-pit areas consist of; the Jackpile pit (first area mined), located at the
eastern section of the mine, and; the north and south Paguate pits, located at
the northwest and west—central part of the mine. Underground mining started in
1974, and has continued to the present (March, 1981). Most underground mines

are located in the southwestern section of the Jackpile mine area.
Population centers

The populations centers nearest to the Jackpile mine and their locations
relative to the mine are: the village of Paguate anout 0.1 mi to the west, and;
the villages of Bibo and Moquino, 2 mi to the north. Laguna and Mesita are near
the Rio San Jose about 6 to 7 mi to the south. Laguna is above the confluence’
with the Rio Paguate, and Mesita is below this confluence. The nearest city is

Albuquerque, located about 60 mi (by road) east of the mine.

" Acknowledgements

Several U.S. Geolog1ca1 Survey personnel made sxgnxfzcant contrxbutlons to

this report, and are acknpwledged as-follow.- Jack Dewey estxmated sedlment

transport rates .in the. RLO Paguate draxnage bas1nr_ stcussxons wlth D1ck Hadley
were helpful in assessxng pr1nc1pa1 factors assoc1ated w1th sedxment dep051tzon

'in reservoirs. Pat Borland est1mated flood frequenc1es for che local streams.,

Herb Mendietta-organized thesayailablenchemical-data; and described water

- . -

quality. Several bersqnnel'in the Albuquerque office participated in collecting

and analyzing aquifer-test data, particularly Paul: Davis and Jim Basler.

Anaconda Copper Company personnel provxded access and guldance through all

- areas of the Jackpxle mxne. BILI Gtxego of Anaconda CoPPer Company.assrsgee_xn;: CLE T
- -collectxng head daCa from wells. ;..'w y _:f~;::f*hg-:n.' f'{liﬂf'.
- . -. . A i -:-.\: " .. - 10 . - . . . - ..‘.:.!-' ..- .;. . ._-:k '... ‘.:.
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TOPOGRAPHY AND DRAINAGE ~ -

Prominent topographic features in the area of the Jackpile mine are the San .
Mateo Mountains and numerous mesas (fig. 1). The highest point is Mount
Taylor, at altitude 11,300 ft, and located about 15 mi northwest of the Jackpile
mine. Wheat Mountain (altitude 7140 ft) and the southern flanks of Mesa Chivato
are topographically high areas in the immediate vicinity of the mine. Within
the lease boundary, altitudes range from 5820 to 6910 ft. The prominent

features in the mine_are Gavilan Mesa at the northeast cormer, and North and

South Oak Canyon Mesas along the western edge. Other features are several

smaller unnamed mesas, and numerous piles of waste rock and stockpiled ore.
Drainage through the Jackpile mine is by the Rios Paguate and Moquino, wh&se

headwaters are iﬁ the San Mateo Mountains (fig. 1). The Rio Moquino becomes

part of the Rio Paguate near the center of the mine. The Rio Paguate flows

'southeast xnto Paguate Reservoxr, then Joxns the R1o San Jose about 5 m1 below

the - southern boundary of the mine. Ihe.Rxo_San-Jose is the main stream in the

:Laguna area, and flows_xntd.the Rio Puerco about is mi southeast of its .

' confluence with:thé Rio Paguate.. ;f:'-~5A< -

The dam at Paguate Reservoir was coastructed in 1940, and the reservoir has.

since been almost filled with sediment.’ Presently, water ponds only immediately . :

in the viciﬁity of the dam and spillway.

CONFIDENTIAL o ee oo POL-EPA01-6008508
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GEOLOGY AND HYDROLGOILC UNLTS

Igneous rocks exposed in the Laguna area are of late Tertiary to Quaternary
age, and consist of basalt plugs and basalt flows interstratified with alluvial
and pyroclastic deposits. Older, diabase dikes and sills occur locally; two of

which may be clearly seen at the walls of the Paguate pits. Mount Taylor is a

stratified volcano, and is part of a northeast-trending belt of basaltic cones,
plugs, and flows. Interstratxfled pyroclastxc deposxts and basalt flows form
the cap on Mesa Chivato (Moench and Schlee, 1967) and pyroclastxc deposxts form

the top of Wheat Mountain.

-

Surficial deposits consist of gravel pediments on the side and base of Mesa
Chivato, colluvial deposits on the sides and bases of the mesas, and eolian and
‘alluvial deposits on mesa tops and valley bottoms. Extensive talus, landslide

deposxts, and sheets of debris. cover the steep hillsides at the western edge of

- - x.. o - - m— -
RS P = - l - .

S T YT e =TT - - - -___r-o—

Ty —'—-__; 3 =2 CEe_ T

“the Jackpxle mlne, and extend contxnuonsiy along-the—e ern fianks’bf Mountizt

Taylor, from Wheat Mountaln'to Mesa Chivato. These-deposits cover_parts of -
North and Sonth Oak Canyon Mesas: ‘

Sedinentary rocks exposed in the Laguna -area are, in ascending order: the
Chinle.Formationiof Late Triassic age,&the Entrada_Sandstone, Todilto and
Summerville Fornations,.BLuff Sandstone, and ﬁorrison Formation of Late Jurassic
age; and the Dakota Sandstone, Mancos Shale, and Mesaverde Group of Cretaceous
age. The exposed column totals about 3 00 ft in- thxckness, of which about
1,300 £t is Jurassic strata (Moench and Schlee, 1967). The rockS'dxp
.northwestward at abouc 90 ft/mi in the Jackpxle mine area, as determxned from

structural contours drawn on- the base of the Dakota Sandstone by Schlee and

Moench (1963) Few faults are present in the.mxne._‘

A 2 . . o .
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Rocks exposed in and immediateI; around the Jackpile mine are: the Brushy
Basin Member, which is the uppermostiMember of the Morrison Formation and is
exposed at the bases of some mesas; the Dakota Sandstone, and; the Mancos Shale,
which forms the tops of the locally high mesas. The uppermost part of the
Brushy Basin Member is predominantly sandstone in the mine area. The sandstone
is both the ore-bearing body and the principal local bedrock aquifer. It ia
called the Jackpile sandstone (of economic useage).

The Jackpile sandstone mostly is fﬂne to medium grained, poorly sorted to

moderately well sorted, and friable. It is predominantiy detrital quartz, and
has a chalky white cast due to kaolinization.nrior to deposition of the Dakota
Sandstone. Moench and Schlee (1967) observed discontinous strata of |
greenish—gray bentonitic mudstone in most exposures of the Jackpile sandstone.
They also stated that it 1is predominantly calcite cemented in its lower part,

and- becomes 1ncreas1ng1y clay cemented toward the ugper partL Its. thickness'in

e PR o
R T T A

-— L - T p— "-—:_—_.-=—'_~ T‘_"— e —— -.

the Jackpxle m1ne ranges from 40 to 200 ft, w1th,a1erageiof appnox1mate1y LOO it

(Hydro-Search Inc.; 1981 fxg. 3). ' e - i

The Jackpile sandstone is overlaxn'by.tightly cemented sandstone in-some
areas, but elsewhefe-it is overlain by black shale. The black shale may
represent a facies change in the Dakota Sandstone, or 1t may be a tongue of the
Mancos Shale. In this report xt w111 be called a shale 1n the Dakota Sandstone.
The Dakota Sandstone xs.overlaln by beds of tightly cemented sandstone and black o
shale Ln.the Mancos Shale. Both- tbrmatxons overlyxng the Jackpxle sandstone are

extensivelyifractured. Fracture spacing at outcrops is only a few feeth

‘ -

Underlyxng the Jackpxle sandstone is a mudstone unit 1n the Brushy Basin Member.

-~ " In some. areas, the mudstone is composed of fine sand to sxlt-sxze Eragments .

.

'T: embedded in a clay matrxx, but Ln other areas it xs composed predomxnantly of .
) swellxng—type clays (qunch and Schlee, 1967).5 R .;}. EN o _': Yo 7.:@3?3?2;
ﬁ. > A S S 13 ., e, "tfﬁ"nr~'= -f "5 ﬂi-”'.i'f:
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The Dakota Sardstone and Mancos'Shale vary in thickness in the Jackpile
mine, depending mostly on the topography. The Dakota Sandstone averages about
45 ft. The Mancos Shale is not preseant on lower mesas, but is about 30 to 75 ft
thick at the northwest and west-central part of the mine, and up to about 300 ft
thick on Gavilan Mesa. The mudstone unit in the Brushy Basin Member is about
200 ft thlqk.

) Tﬁe.lowér hydrologic boundary.in the local grohnd;water‘;yétem is probably
the mudstone unit underlying the.Jackpile sandstone, as will be discussed later
in the report. Recharge through fractures may occur in the otherwise.péétly
permeable rocks overling the Jackpi1é>sandstone aquifer. The recharge may occur
locally in the mine area, as well as at higher altitudes where these roéks are

buried beneath other sediméntary rocks and more permeable colluvial debris andvﬁ

pyroclastic deposits. Most recharge probably occurs at the higher altitudes

-

north and west of the mxne, where there is 11ke1y to be more ralnfall and less

I evapotranspxraﬁxon. ﬁew data are available regardxng recharge_xn-{herLaguna.

-— ,. f e —~ ____-.._..__ T T . e ———

atea, however: - g ' - e : T IsRL T el

Other hydrologic units are the alluvial deposits along valleys, colluvial'
deposits at the sides and bases of mesas, and basalt flows and pyroclastlc
deposxts in the Mount Taylor and Mesa Chxvato afeas. Lyford (1977) descrlbed N

springs flow1ng from the basalt caps ‘on ‘Mesa Chxvato, at the upper reaches of

-'the Rio Paguate. It is lxkely that thes2 springs, comblned thh Elow from

colluvlalfdebris aloﬁg the 51des of Bear Canyon on Mesa Chlvato, sustain Base;

flow in the Rio ?aganezl Similar conditions in Seboyeta and Bibo Canyons

;_ farther to the north érébably produce~tﬁe base flow in the Rio Moduind.
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CLIMATE

The climate of northwestern New Mexico is characterized by low rainfall and
high evapotranspiration. Precipitation data were used from three stations
operated by the U.S. Weather Bureau in the Laguna area. The stations are
‘located (fig. 1) at the following towns, with altitudes: Laguna, about 7 mi
south of the Jackpile mine at 5800 ft; San F1de1 about 12 mi west of Laguna at
6100 ft andj Marquez, about 13 mi northwest of the Jackpile mine at 7800 ft.
Los Lunas data is also used, because it is long term and se;eral years of pan B
evaporation data are available at this locatiop. "Los Lunas is located about
45 mi southeast of the Jackpile mine, at altitude 4800 ft.

Annual precipitation and years of record are shown in table l. The -

rainfall is low, but quite variable. For example, the range for Laguna is from
1.96 in (1956) to 18.42 in (1941).

=t - - - -Table 2 shows mean: monthly ‘and- mean-annual.talnfalllatwthe,four;statxo 8T

e aa- PG S

S -Only complete years of record were uged-in: computlng monthly-means éKbou”

60 percent of the ra1nfa11 occurs dur1ng the five months from May through
September, with.greatesc rainfall in July, August and September.» Mean_annqal
prec1p1tat10n is similar at Laguna and San F1de1 Rainfall at theae two. - 1-
statxons is about 15 percent greater than at Los Lunas, and about 20 petcent

less than at &atquei}}j

. - . g‘_ ,‘
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Table 1.
are in inches.

of rainfall by the U.S. Department.of Commerce.

Annual rainfall at four stations in western New Mexico.
Data from Statt of New Mexico, 1956, and annual publications _

All values -

-

—
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Year Los Laguna* San Marquez Year Los Laguna San Marquez
Lunas Fidel Lunas Fidel
1891 16.37 - - - 1936 5.13 7.88 8.90 -
1892 6.11 - - - 1937 7.72 8.59 7.86 -
1893 8.40 - - - 1938 4,67 7.55 8.53 -
1894  4.55 - - - - 1939 7.70 - 9.37 12.34 -
1895 - - - - 1940 11.08 13.54 ° 14,91 -
1896 7.65 - - = 1941 - 18.42 .22.64 . -
1897 - - - - 1942 . - 6.00 6.31 10.38 .
1898 -~ - - - 1943 - 8.43 9.38 15.51 - =
1899 - - - - 1944 - 11.10 - 14.55 )
1900 8.05 - - - 1945 - 4.43 - 9.69
1901 - - - - 1946 - - - 10.85
1902 - - - - 1947 - - - 13.46
1903 - - - - 1948 - - - -
1904 10.45 - - - 1949 - 8.14 - 13.12
1905 - - - - 1950 5.23 4,03 - 5.2%
1906 11.67 13.05 - - 1951 4.80 4.75 5.82 8.95
1907 15.85 - - - 1952 6.34 6.46 8.90 12.32
1908  5:27 8.35 - - 1953 T - 3.73 ° 6.36 9.64
1909 4.25 10.60 - = 1954 - . 8.21 8.72 10.95
1910 - 9.08 - - 1955 7.89 7.25 6, 78... 9'12
1911 11.57 12,90 - - 1956 2,87 1.96_. = 2:2Y
1912 - 5.47 - - - " 719577 8. 18‘,13 12 10 39" i@@Sﬁ"“‘F - TEFTfff
1913 7.77 8.68 - - 1958 6.25 8.72  9.27 16:05: -7
1914 10,21 - - - 1959 8.74 10.74 -19.07- - 12,70 . = . - -
1915 12,13 - - - 1960 7.71  6.28 8,49 12,27 -
1916 10.14" - - - 1961 8.26 8.53 8.61 13.08
1917 2.15 - - . - - 1962  6.36 9.19 7.85 11.73
‘1918  9.94 - - - 1963 6.34° "7.63 8.10 9.12
1919 10.84 - .. - - 1964 6.34.10.30 ~ 7.72 9.45
1920 6.27 13.81. = - 1965 10.17 10.92 - 13.14
1921  9.26 - 7 10.35 - 1966 5.50 8,67 7.91 7.90.
1922 3.24 - 3.15 - 1967. 8.93 -8.86 10.16 "13.37
1923 9.07 - 15.89 - 1968 8.43 7.83. 17.83 7.00 _
1924 5.83 - 4,93 - 1969 10.31 . 15.44 10,16 - 12.67
1925 8.37 - 8.55 - 1970 5.90 -~ 7.70 6.56
. 1926 8.11 - 10.78 - 1971 7.83 8.69 7.81. 7.18
1927 9.40 8.66 13.06 - 1972 13.37 13.74 13,54 11.44
1928 10.26 8.65 11.10 - 1973  10.17 8.17 7.54 8.59
‘1929 14.07 12.94 12,25 - 1974 11.12 10.40 10.16 - 8.17
- 1930 - 5.08 7.14 7,95 . - 1975 5.99 11.92. 8.84 . - -
1931 10.44 - - 14.68 - . 1976 .5.42 7.95 - ="
. . 1932 1Q115' = -12.83 - 1977_- 8.18 . 11.57 - - 2
. ©1933-~ 7,30 -14.64 11.98° & - 1978 . 9.75 - 10.65 - i
o+ 19347 4734 - 7.23 . 7 - 1979 :8.19- 10.36 - .- -
1935 7 6,07 =l 13.93.7 - 980 -'~7.53---8.66. - - - -
hd . pad I S
*Raxnfa&l recbrded prxot to 1891 was: LSZO - 9 69 1n:and 1&5[ -~1S 12- 1n.__., ";:?Evs
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Table 2. Mean monthly
Mexico. All values
annual publications

and mean annual rainfall at four stations in western New

acre in 1lnches.

Data from State of New Mexico,

by the U.S. Department of Commerce.

1956, and

Station Jan Feb Mar

Los
Lunas 0.35 0.32 0.45
Laguna 0.36 0.47 0.43

San- . - i
Fidel 0.24 0.37 0.39

Marquez 0.57 0.29 0.50

Apr May Jun Jul Aug Sep Oct Nov Dec Annual

0.47 0.58 0.56 1.11 1,50 1.11 0.89 0.31 0.42 8.06

0.39 0.60 0.60 1.74 1.73 1.40 0.92 0.34 0.50 9.48

0.22 0.41 0.36 1.45 2.12 1.29'1.29 0,24 0.44 9.36

0.73 0.63 0.79 1.56 2.95 1.22 0.81 0.54 0.65 11.22

All Laguna data were used for plotting cumulative departure from mean annual

rainfall after the.year 1919 (fig. 2). Some data from other stations were used

for years of incomplete record at Laguna. Mostly, data from San Fidel was used

to fill in gaps of missing record, but precipitation at Los Lunas and Marquez

was used for some years. The 15 to 20 percent difference between the Laguna and

the Los Lunas - Marquez data, and the few years of data used from the latter -

stations, are assumed to introduce negligible error in cumulative departure for

the Laguna area. Monthly data from Laguna and Marquez were combined to obtain a

total of 13,67 in for the year 1948.
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A 9.5 in normal was used for the period 1919 through 1980. This is
considered a reasonable approximation fqt the Laguna area, because mean annual
rainfall at Laguna is 9.48 in, and the mean for all values on theicumulattge B
departure plot is 9.54 in. Departure from normal in 1919 is assumed to be zero.
-Precipitation was near-normal for most years in the period 1919 to 1930
(fig. 2), whereas it was: above normalnfor most of the period 1930 to 1948 and

L1968“tﬁrougﬁ 1978 and below normal for most of the period 1948 to 1968,
Prec1p1tat10n frequencxes (table 3) range, on average, from 1 2 in per
24 hour period every 2 yearS'to as much as 2.8»Ln per 24 hour_perxod erery_ -
100 years. . .

Table 3. Precipitation frequencies for the Jackpile m1ne area, New Mexico., .
Data from U.S. Department of Commerce (1967).

2 s 10 25 500 100 - 5 10 25 50 100
‘'year, year, year, year, year, year, year, Yyear, year, year, year,
24 2 2 2 2% - 24 6 6 6 6 6 -

hour hour hour hour hour hour hour hour hour hour hour

1.2 1.6 1.9 2.3 2.6 2.8 1.3 1.6 1.8 2;l:- 2,2 - -

Honthly pan evaporatxon for Los Lunas is shown 1n ‘table 4 and that for

Laguna is shown in table 5. ‘Mean monthly pan evaporatlon ranged from about 0.5

to about 2 in less for most months during the period.April thrpugheNovember at

Los Lunas, as comparéd to the means for the same months at'Leguqé{ Haxrygm

difference is only 16 percent between'mohthly means however, with most months
having less than 8;percent difference. In this report, the mean annual pan.. -

fevaporation at Laguna is assumed equal to that ht Los Lunas, which.is~about

76 in. More than 60 percent of . anaual pan evaporatxon occurs durxng the perxod.-_

. May thrOugh September. Honths of greatest evaporatxon corre5pond to months of

_ greatest;rgrnfala, gnquthxs cqmggupgs.the probleman;arxd;ty in the area. ™
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Table 4,
inches.

-

. . oL N
Monthly pan evaporation at Los Lunas, New Mexico.

Sum of monthly means from all data is 75.52 in.

annual publications by the U.S. Department of Commerce.

All values are in -
Data obtained from

**0nly months for which.data

was also obtained- at-Laguna, New Mexicos==="": ~

Table 5. Honﬁhly.pan evaporation at Laguna, New México. Alirvaluesxareiin

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1962 - - - - © - -, - - - 6.79 5.00 - -

1963 ° -~ = ~ 10.34 10.96 11.63 11.25 9.87 7.49 -4.61 - -

1964 = - -- = . 8,13 12,13 12.83 11.17 9.89-.6.66 - - - -

1965 . -=- - - 8.24 10.82 10.23 10.99 9.02 "7.12 4,92 -~ - B

1966 - - 5.70 9.04 11.81°11.39 10.28 9.70 - 6.39 5.40 - -

1967 - - 7.02 9.64 10.47 11,00 10.41 7.88 6.36 5.90 - -

1968 - - - 9.19 10.24 13.55 12.07 9.91 7.62 5.01 - -

1969 - - 4.00 6.22 9,07 10,77 9.30 11.29 4.91 4.87 1.81 -

1970 - - - 4.94 10.47 10.53 10.29 9.48 9.73 6.90 2.77 - -

1971 - - - 8.27 8.58 11.47 12,07 9.37 7.52 3.01 - -

1972 - - - 7.96 8.23 9.74 10.84 9.22 6.60 2.57 - -

1973 - - 2.48-3.79 8.33 10.64 9.73 9.39 6.68 4.54 - -

1974 - - 7.17 8.20 10.30 11,91 11.07 8.31 - 4.59 2.57 -

1975 - - 5.64 7.89 9.09 9.53 8.40 9.15 - 5.56 - -

1976 - - - - 7.94 9.32 10.72 9.94 8.50 6.00 4.66 3.04 -

1977 - 2,79 5.75 6.75 9.82 10.18 9.83 9.07 5.88 4.76 3.47 2.53

1978 2,00 2.99 5.11 8.99 9.01 10.38 9.90 9.96 7.45 4,71 2.09 -

Mean* 2.00 2.89 5.31 8.19 9.92 11,02 10.42 9.39 6.69 4.56 2.60 e
-= -Méan¥¥% - U= - 8.47 -9.38.10.54. 9.83 - 9.00° - 6:44 :74.86=:2.09 v Fila ot TS

*All -months of record, with single values assumed equal to meads: 7 . . = jus " 27"

inches. : Data obtained from annual publications by the U.S. Department of .
Commerce. LT T y e :
' "Year Jan Feb Mar --Apr May _ Jun Jul _.A@gi_:Seb "Oct -Nov Dec N -
1974 - = - = = 12,54 10.90 8.92. 6,90 - 3.78 .= - =~ . )
L1975 - - - - - - 13.09 10.19 9.78 - - - " = - :
L1976 = - -~ 8.76 11.26 13,09 11.52 9.59 °5.88.°5.36 .- - 7
J1977 - - - - 10.89 11.22 10.31 9.56 6.77 5.56 = - R
1978 - - - 9.33 9.83 12,79 11.98 9.77 7.24.5.92 2,20 - A
Mean , - - - 9.05 10.66 12,55 10.98 9.52 6.70 :5.16 "2.20-p. =" -
RSO ) R . Tt e e
R T By LT e e
| Vo > ..2:: LRSI e iy .:..' oS ; .‘...-. . T ‘\ :—;‘i?;.n“‘.{'-
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WATER USE ' ' ;

Data regarding water use were obtained from a report By Ly ford (1977). _ 71' q
Grouand water on the Laguna Pueblo is used for public supply, livestock, and
industry. Public supplies are obtained from one well near Mesita, aad two welis p
’ pear.Paguate.f Most'wélls drilied_fbr individual household use have been
abandoned, in favor of befte¥-qua1ity waéer from public-supply wells. h ]
- Surface wate; from the Rio Paguagé-is used for irrigation near the village

of Paguate. Above Mesita, water from the Rio San Jose is used for irrigationm.

on the Pueblos of Laguna and Acoma.
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YIELD AND- DEPOSITLON OF SEDIMENT

AT PAGUATE RESERVOIR ~ -

Sediment has nearly filled the Paguate reservoir (location shown on
figure 1) since construction of thé dam in 1940. The Laguna Pueblo are
concerned that operation of the Jackpile mine may have increased the volume of
sediment deposited in the reservoir. Three principal factors should be
considered in studying reservoir sedimentation. These are: rate of sediment
transport, rate of sediment deposition, and trap efficiency (proportion of
sediment inflow retained by the reservoir).

Dames and Moore (1980)‘used sediment volume and rates of sediment
deposition, as determined from topographic maps made at different times, to

evaluate influence of the Jackpile mine on sedimentation ifi the Paguate

reservoir. Their mean rates of deposition computed for the following periods

were: 71 acre-ft/year from 1940 to 1949, and 22 acre-ft/year from 1949 to 1980.

Based on the latter rate, the volume of sediment deposited since miniag began

(in 1952) until 1980 is 620 acre-ft. This is 47 percent of the total

1333 acre-ft accumulated. Dames and Moore (1980) conclude: operation of the

Jackpile mine did not cause more rapid deposition of sediment in the Paguate

reservoir than occurred before the mine was established, and; sediment

accumulated more rapidly before the mine was established than after it was

established.
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The abové“gontiuéiéps are;v?[iﬂ} in regard to the meaq -rates ‘of deposition
for the two time peribds discussed. They do not address the basic problem

however, which is whether or not the volume of sediment deposited in Paguate

reservoir was increased due to operation of the Jackpile mine. The greater rate

of deposition in the period 1940 to 1949 was likely due to: (a) greater .
sediment transport in-early years due to above-normal precipitation (figure 2) -
rainfall in 1941 was 18.42 in, which is the greatest in all 55 years of record
at Laguna (table 1), and (b) much greater trap efficiency in earlier years
- efficiency would have been 100 percent during the time the reservoir was
filling with water. - . - ’ S -
The rate of sediment transport, which is sediment yield, has not been -
measured in the Rio Paguate drainage Sasin. An approximate yield was therefore

computed by using a method described by Shown (1970), in which ratings are

placed on several characteristics affecting yield (table 6).-

Table 6. Rating ranges for the factors evaluated in the Pacific Southwest .
Inter-Agency Committee method for estimating sediment yields usiag terrain
characteristics. Modified from Shown (1970).

«. ®
.

Factor Rating Main characteristics considered
raange. . :
A. Surface geology 0-10 Rock type, hardness, weathering, .fracturing.
B. Soils 0-10 Texture, aggregation, salinity, caliche.
C. Climate 0-10 Storm frequency, intensity, duration.
D. Runoff 0-10 Volume per unit area, peak flow per uait area.
E. Topography 0-20 Steepness of upland slopes, relief.
F. Ground cover -10-10 Vegetation, litter, rtocks.
G. Land use -10-10 Perceatage cultivated, grézing iatensity,
: logging, roads. . .

H. Upland erosion - 0-25 Rills and gullxes, landslldes. . oL
I. Channel erosion 0-25 . Bank and bed erosion, flow depths, act1ve ) ’

and sediment . headcuts, channel vegetatxon.-: . X

traasport - S K o . : . N &
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Ratings wér; made For ﬁh;; .énitre Rié.Pﬁghaée-dtainage'basin{ Jaékéffe.miée
before mining, and; Jackpile mine in its preseant condition (table 7). Drainage
1s into closed basins (pitsj for 5.0 mi? of the 6.0 gii in the mine area. The
ratings for the present conditions apply to the 1.0 miZ with_external drainage.
Shown (1970) described thercorrespondence of ratings and estimated sediment
yields (in acre-ft/year/mi?) as: rating 25 to 50 gives yield of 0.2 to 0.5,
and; rating of 100 to 125 gives yield of 3.0 to 7.0. Ratings in table 7 were
summed for each drainage area and the corresponding yields computed (table 8).
The net sediment yield due to mining .operations is therefore estimated as the
difference between yields before and after mining, which is 3.5 - 3.0 =~
0.5 acre-ft/year. Tﬂe estimated present rate of sediment yield due to mining is
therefore only about 1.0 percent of the 46 acre-ft/year total yield in the

basin. This percent may be too large if used to compute total yield since

mining began, because a smaller mined area was exposed during the early years of

.
operation.
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Table 7. Descriptions of characteristics and ratings for estimating
sediment yield in the Rio Paguate drainage basin.

> . R L T AD L = D o v o ) o - . S . T P - e P . - = D e b -y

. e e e St . e e i 4o e ot i Gt

A 3 Rocks are of medium hardness, moderatly weathered,

and fractured.
X B 5 Soils are medium textured with occassional rock

fragments.

C . 8 Most runoff is due to iatense convective storms, but
is low in volume.

D S Runoff occurs as high peaks, but has low volume.

E 12 The average upland slopes are less than 30 percent,
but there 1is little floodplain.

F ; -5 Upper areas have good ground cover and the lower
areas have moderate grouand cover.

G -10 Little cultivation, little recent logging, and

. low inteansity grazing.

H 5 Signs of erosion on less than 25 percent of the
land surface.

I 15 Active headcuts and degradation in tributary

channels, but flow duration 1s short.

Jackpile mine area before begimning mining operations

A thru E Same as described above. . -
F 0 Lower areas have moderate ground cover.

G and H Same as described above. :

1 20 Headcuts and degradation’ are more prevalent in

lower reaches.

Jackpile mine area in present condition

A thru D Same as described above.

E 20 External drainage is mostly from the steep slxp
.faces ‘on the outsides of the waste p11es.
'F 10 Very little grouad cover. ) e
G " 10 Land use high. . : o
H 25 Rills cover about 50 percent of the land surface. ..
L 15 _ Much of the sediment eroded from the slip faces. 1s L
deposited at the bottoms of the faces. R

-2 2 ' : S

*Correspond to factors in table 6.
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Table 8. Estimates of sediment yield in the Rio Paguate drainage basin.

Drainage area Rating Unit yield Area Total yield -
description total .

(acre-ft/year/mi?) (mi?) (acre-ft/year)
Entire Rio 40 0.38 120 46.0
Paguate
Mine area before 50 0.50 6.0 3.0
mining began
Mine area at 103 3.5 1.0 3.5

present

Only part of the approximate 0.5 acre-ft/year yield was actually deposited

in Paguate reservoir, because trap efficiency was less than 100 percent during

mining. Using the deposition rate of 22 acre—-ft/year for the period 1949 to

1980, as determined by Dames and Moore (1980}, and the tétal yield in the

Paguate drainage basin, trap efficiency would be about:

(22 acre-ft/year)/(46 acre-ft/year) = 48 percent. Using the 0.5 acre-ft/year

(maximum) yield during mining, the mean sedimentation rate during mining would

have been less than (0.5 acre-ft/year)(0.48) = 0.2 acre-ft/year.

Trap efficiency would probably apply equally to both mine sediment and

total basin sedimént, so the proportion of sediment deposited from mining to

that deposited from total basin erosion is the same as the proportion -for

sediment yield, which is about 1.0 perceant. The small percent results from the

fact that the mine area constitutes a small portion of the total Rio Paguate

drainage basid:

-
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Showa (1970) discussed the magnitude of error ia using the rating method

for estimating sediment yield at sites in Colorado, New Mexico and Wyomiag.

Most estimated yields tended to be lower than measured yields, and he attributed

this to the subjective application of the ratings. The mean sediment-yield

“estimate for 28 sites was 1.4 acre~ft/mi2, whereas the mean determined from

reservoir records was 1.73, giving a mean error of -19 perceat. The maximum

error for all sites studied was about =180 percent.
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Streamflow data were collected on the Rio Paguate, as follow:

TSURFACE WATER

Stream discharge

near the

village of Paguate from March, 1937 through September, 1941, and; at the south

end of the Jackpile mine from March, 1976 to the preseat.

gaging stations are shown on figure 1.

Moquino.

Locations of the

Discharge was not measured on the Rio

Only complete water years (October through September) are used in this

report. A summary of- the discharge data is shown in table 9. Mean monthly and

mean annual discharge are given in appendices 1 and 2.

Table 9.

Summary of discharge data for Paguate Creek near Laguna, New Mexico
(1938 through 1941) and Rio Paguate below Jackpile mine near Laguna,
New Mexico (1977 through 1980).

All values "are in cubic feet per second.

Water Maximum Mean Minimum Total

year daily daily daily

1938 - 0.99 0.20 361* :

1939 - 1.02 0.40 372% ) -
1940 - 1.02 0.30 372* ' )
1941 - 3.80 0.40 1387*

1977 34 1.48 0.04 539.07

1978 42 1.08 0.07 394.03

1979 14 1.33 0.06 485.94

1980 42 0.87 0.00 316.66

Mean for _
period 1938

through 1941 - 1.71 0.32 623

Mean for

period 1977

through 1980 33 1.19 0.04 433.93

*Appfoximaﬁed by multiplying mean daily discharge by 365 days.

-
.
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. Theﬁge;;.daiiy.dikhhafgé for'CAmplet; years of record at the gaéing station
near Paguate (1.71 f£t3/s) is influenced considerably by the unusually large
value for the year 1941. Rainfall for calendar year 1941 was the greatest oa
record at Laguna, and caused the anomalously large value. ?ge Rio Paguate
usually flows all year. It is océassionally dry at the gaging station below
the Jackpile mine, as shown by the minimum daily discharge in table 9-.

The stream discharge is only about 2 percent of the rainfall in the Rio
Paguate drainage basin, as will be discussed in the Water Balance section of

this report. This illustrtates the extremely large evapotranspiration in the

area.,

v.,‘-l"‘ll
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Base flow

In humid areas, ground-water dischdrge to streams (base flow) is oftem

determined by computing a constant slope from the decreasing limb of the
Vdischarge plot (recession), then using this slope as a control for estimating

base flow during recessions. In the arid Rio Paguate drainage basin, floods are
infrequent during winter months, so that most discharge is base flow during this
time. More frequent floods in summer ;re due to thunderstorm activity that is . _.
intense, but of short duration; The recessions are therefore rapid. Their . __
slopgs are therefore difficult to determine, not constant, and not completely
controlled by ground-water outflow. . -

Ground-water gradients near the streams are reversed (head is greater in

the stream than in the adjacent aquifer) when the stream stage rises, and during
the early part éf the rééession. Base fléw_dﬁring this time is zero. Base flow
at the Rio Paguate gaging station is approximated by assuming there is no
ground-water discharge during the entire rising and falling stages of the
-stream. The method is similar to that described by Daniel and others (1970).
Ground-water discharge during recessions i; not taken into account for the
Rio Pagﬁéte, so base—flow\values-aée soﬁewhéﬁiiow.' The error is probably not
significant however,'be;auge: (a) discha;ge dqring Féch of the-falling'étage of
summer flépds is lsq, compared to greater,'predominéntly'ﬁaée-fiow pefiods in

winter, and (b) some of the discﬁargé during falling stages is from temporary

~ .

groﬁnd-wq;erfstorage very near the stpeam.(bank stqrgge),ﬁqhe;eéé the flqﬁ.gf :

_ primary interest here is the regional ground-water discharge to the stream. - L
) : . . ) N o .. - - oL

)
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. Most base flow to the Rio. Paguate occurs during winter (tab}e 10), and

constitutes a large pekcenc of the total flow in the Rio Paguate.

For the following years, it was: 1977 - 51 percent, 1978 - 56 percent,

1979 - 35 pgréent and 1980 - 60 percent.

Table 10.

Laguna, New Mexico. All values are in cubic feet per second - days. .

Monthly and annual base flow for Rio Paguate below Jackpile mine near

Year Oct Nov Dec Jan Feb Mar ‘Apr May Jun ~ Jul Aug  Sep Annual.
1977 18.5 29.7 34.1 '29.8 37.7 46.1 18.5 38.1 13.8 0.48 0.63 9.10 276
1978 14.1 16.3 29.3 40.0 22.4 43.1 24,1 19.4 7.50 0.77 -1.46 2.84 221
1979 3.84 12.3 -19.5 11.1 16.0 9.70 40.8 28.4 12,9 1.91 4.39 10.6 171 -
1980 8.56.16.4 17.4 26.7 31.3 55.9 23.7 5.88 3.11 0.33 0.08 0.43 190
Mean 11.2 18.6 25.0 26.9 26.8 38.7 26.7 22.9 9.33 0.87 1.64 5.74 214
.. -...'" . - a .,:'_:_:‘:‘ ".; _‘: _ . ﬂ: . ‘ .... .::
. * .. A D 4 . '~'..’::-:‘ - -:'; . . 30 . ';'.‘ O e 1 .l e -";' '; .
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Flood frequency .

Flood frequencies were estimated at three locatioans near the Jackpile mine:
on the Rio Paguate 500 ft upstream from the northwest mine lease boundary; on
‘the Rio Moquino 1500 ft downstream from the northern mine 1ease>boundary, and;
on the Rio Paguate 400 ft above the gaging station near the southern mine lease
boundary. Streamflow data from the gaging stati;n were used to estimate Elood>
frequency by qse.of the U.S. Geological Survey flood-flow-frequency program
(J407). Two other methods were used for all sites: the basin characteristics
method, as described by Thomas (in press), and; the channel geometry method, as
descrxbed by Scott (1976) . ‘ i

The basin characteristics method invelves determination of contributing
drainage area and ;ite altitude,-tten use of the equationv.

= kC)(Ax)[(SA/IOOO)‘Yj,awhere Qy is peak discharge for N reeqrrence
intervals, c i; a cbnstant. A is drainage area, and SA is site altitude.. Values
for C, X5 and y, are presented by Thomas (1n press) for dlfferent recurrenee
xntervals, as are standard estimates of error which he descrxbed as ranging from
98 to 131 percent. ) ’ IR '

The channel gepmetry method invoivee measurement of the active
stream-channel width, then use of the eeuatiop Q. = aWP, where é ia-the peak e
‘discharge for.t recurrenee intervals, a is a reéression constant, an&}V is o

active channel width. Values of a‘and b are given by Scott (1976) for_ﬂigterent N & -

- .

- recurreance intervals to a maximum.qf'SO years, as are estimates of standard’

errorcs whxch he descrlbed as rangxng from 62 to 231 percent. Rechrrence" ) 2‘

'Iqrxntervals greater than 50 years were e§txmated for streams at .the Jackpxle mxne e igh.
™ by linear extrapolatxon on the. récurrence interval "dxséharge plot Erom earlxet };5-v3
Lt _-h‘-‘.'. - - . ..a ' " - '| P ¥ - -t
LR S . ‘e - ° ':-. . ., ) N - . LI - L. - - .‘:'.; AR
.years: ' - | - . .. N s .7t‘t._ ' 2.

. -.
-~ . . -
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Measurements for use i& the flood frequency methods are given in table 11,

Peak discharges were determined for recurrence intervals of 5, 10, 25, 50, 100,

200 and 500 years (table 12.). Flood frequencies obtained by using the chaannel
geometry method are, on average, about three times less than those obtained by
- use of the basin characteristics method. Those values obtained by the latter

.

method are probably more accurate than those from the channel geometry method, -
because: (a) standard estimates of error are smaller for the method, and (b)
values obtained by the basin characteristics method more closely approximate
those obtained by use of streamflow data in the flood-frequency program.

-

Table 1l. Measurements used for estimating flood frequency in the Jackpile mine

area,
Location Active cﬁannel Contributing drainage Site
width ' area altitude
(£e)° (mi2) (£e)
Rio Paguate above 10 ' 30.8 6070
Jackpile mine _ - - . )
Rio Moquino above 12 68.6 : 6000
Jackpile mine T
Rio Paguate below 20 107 o 5820
Jackpile Mine - ' :
2 ‘\ b . LT ’ g;t‘i i
., S -‘~ . ‘ i R .-7 * - . L ::’_;:‘:‘ -
; T ' : o N
; B N . b . . - oo oW Tees
Lam e P, - RN . TIretst the-
A R T . L e L
T ' A o T R ;'.m’. "_-' . .32 i ) . ,'. ‘ .. ”.- - - i‘.
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Table 12. Flood frequencies for three sites in the Jackpile mine area.

— 2 . " it o T o —— Y ] -

Recurrence Discharge by flood Discharge by basin Discharge by chaannel
Laterval frequency program characteristics method geometry method
(years) (ftd/s) (£t3/s) (£e3/s)

Rio Paguate above Jackpile mine

5 - 762 208
10 - 4 1180 337

25 - 1890 558

50 - 2590 774
100 - 3370 1000
200 - 4260 1300
500 - 5780 1800

: Rio Moquino above Jackpile mine

5 - 1140 276

10 - . 1740 442

25 - : 2730 _ 722

50 .- 3700 , 993
100 - 4780 ' 1300
200 - - - -~ 5990 _ 1700
500 . L - 8030 : 2500

. Rio Paguate below Jackplle mine .

5 : 1810 . T 1520 © .. 609

10 C.oo2m100 - L L 2310 : _ 946 ‘
25 ) 4150 .0 . 3610 : 1490 - L.
50 5450 - . . ot 4880 - 2000 . -
100 6940 , _ 6290 - .. 2600-
200 - . 8670- PR 7860 - - 3300 -

500 - . 11300 L. 10500 - . - 4400

The eéstimates of Elood frequencles may prove- useful for deSLgn of .

[y

structures such as road culverts durlng reclamatxon of the Jackpxle mlnet

' Flood-prone areas could be outlxned by using the’ flood-frequency values. The

areas are partly degendent on ex1st1ng structures ig the m1ne however, and would

'probébly be\changed consxderably durxng reclamatxon of roads, culverts, and

[T

<t — t - - 7. : B

'r [

A Y - . - .
other stteam constrxctxon& “such as waste pxles presently 1n the channets. T
hd - Q . . .l : - e " . . -
° A : 2t R e :
. - LI R c e <. - " - “y e
. . - L] - - -~
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) N e o . v Qe * ° ’.'.., . '\
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Pondxng at waste pLIes

— e ——— - 3

Aan unnamed valley on the east side of Gavilan Mesa is blocked by

waste-rock dumps C, D, E, F, and G (fig. 3). Overland runoff occasionally

ponds at the base of the dumps. The ponded water ‘may therefore Lnfxltrate both -~ - - _

the valley alluvium and the waste rock. The expected depths of water in the I R

pond are discussed in this section. Grouad-water flow is discussed later in the

report.
The initial altitudes of ponded water after flood events werevcomputed‘by:

(a) deriving an altitude - capacity curve (fig. &) from a topographic map, thea

(b) determining discharge in the valley using the streamflow characteristics

method, as described by Borland (1970). The pertinent factors relating to

streamflow characteristics in the unnamed valley, and theiz\correspodding

values, are: drainage area - 0. 97 mi2; precxpltatxon from October through

April - 3 in; longitude - 107 degrees- 10 minutes; - 5011s Lnfiitrtatxon~o-

- - _ = - S~

index - 8.5, and; mean basin elevation 6070 fc.

Flood volumes and depths of ponded water are shown in table 13 for
diffe;enc recurrence intervals. Maximum depth is 3.9 ft for a flood fioﬁiof one
day at recurrence interval of 50 years. Depths are less than 2 ft EOt.mose flow

periods and recurrence intervals.
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Table 13. Flood volumés and depths'bf ponded water in valley at east side
of Gavilan Mesa.

-
4

Floods and Volume Volume  SE¥* Altitude of  Depth of
recurrence wvater level water
intervals¥ )
(£t3/s-days) (acre-ft) (%) (Ee) (ft)
F1,2 0.29 0.6 59 5996.6- 0.6
F1,5 © 0.84 1.7 55 5997.6 1.6
Fi,10 1.31 2.6 S5 5998.2 2.2
Fi,25 2,13 - 4.2 60 5999.2 3.2
F1,50 2.90 5.8 66 5999.9 3.9
F3,2 0.12 0.2 62 5996.2 0.2
F3's 0.34 0.7 56 5996.7 0.7
F3.10 0.54 1.1 55 5997.1 1.1
F3 25 0.88 1.7 56 5997.6 1.6
F3,50 : 1.17 2.3 60 5998.0 2.0
F7,2 ) 0.06 0.1 61 5996.1 0.1
Fz.5 0.15 0.3 58 5996.3 0.3
F7 10 0.24 . 0.5 56 5996.5 0.5
F7,25 0.37 0.7 56 5996.7 0.7
F7 50 0.48 1.0 59 5997.0 1.0

*Fa,m is flood volume for flow period n, at recurrence interval m: for
example, F},2 means flood volume for l-day period at 2—year recurrence
ianterval,

**Standard error of estimate.
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GROUND WATER

Underflow and recharge

An estimate is made of the recharge rate in the Rio Paguate drainage basia
by assuming that change in ground-vater storage is negligible and summing base
flow and umderflow. Underflow may occur in the vicinity of the Rio éaguate
gaging station via the alluvium, Jackpile sandstone, and undérlying rocks.

Alluvial underflow cannot bé determined at the exact location of the gaging
station, because data are insufficient. Data are used from wells located near
the confluence of the Rios Paguate and Moquino for estimating underlfow at the
station. An aqﬁifer test at well M4C (described in a later section) sho&ed
hydraulic counductivity (K) of the alluvium to be 22 ft/day. Saturated thickaess
(b) is about 20 ft and width (w) is approximately 1000 ft. Hydro-search,
Inc. (1979) showed éhe gradient of gﬁe stream as about 0.02 at this location.
The hydraulic gradient (1) is approximatéd_by assuming it is equal to the
gradient of the streanm. Un&erflow-is'appro%imated as Q = KIbw = 9,000 ft3/day,
which is equivalent to an annual flow of 40 ft3/s%days. *Annual base f}ow is

214 ft3/s-days (table 10). Base flow plus- underflow through alluvium is

therefore about 250 ft3/s—days annually.

X 36 ' T e
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Underflow through bedrock cannot be determined, because data are
insufficient. Saturated zones and hydraulic gradients are not known, and
hydraulic conductivities of rocks ;cher than the Jackpile sandstone are not
known. Positions of ground-water divides may not correspond to topographic
divides, so interbasin flow may occur. For purposes of this réport, it is
assumed that neglecting underflow through bedrock does not introduce significant
error in estimating the recharge rate in the Ri; Paguate drainage basin. This
assumption is probably reasonable, because: (a) the mudstone strata underlying
the Jackpile sandstone forms. the lower hydrologic boundary over much of the
lower part of the basin, and (b) the top of the mudstone outcrops generally
northea;t-southwest across the basin in the viciatiy of the Rio Paguate
stream—gaging station, so that much of the water in the Jackpile saundstone
probably discharges to the alluvium or to streams above the station. ..

The recharge rate is estimated as the sum of base flow and underflow
through alluvium, which is 250 ft3/s—days annually in the Rio Paguate drainage
basin above the gaging station. This is equivalent to about 0.1 in/year over .
the 107 miZ drainage area. Rates are probably greater at higher altitudes oa
Mount Taylor and Mesa Chivato, and may be less at lower altitudes. Recharge is
proBably greater in colluvium on the flanks ;f mesas, and in alluvium at valley ‘

bottoms, than it is on exposed bedrock,
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Wells™in the Jackpile mine ~ -

Wells were installed for two hydrologic studies at the Jackpile mine. The
"p'"~series of 1l wells was constructed in 1977 by Hydro-search, Inc. (1979) to
examine water-quality effects of holding ponds on the ground-water system. The
"M'"-series of 30 wells was constructed about 1980 by Hydro-search, Inc. (1981),
as part of a general hydrogeologic study. Locations are shown on figure 3 for
wells completed in bedrock and waste rock. Seven observation wells were also
constructed for aquifer tests of M-wells.

- The P-series wells have 2 in diameter PVC casing in the drillholes, which
is slotted and gravel packed through the aquifers (Hydro-search, Inc., 1979).
Cement depths are not reported for P-wells. Well P5 is presently inaccessible,
and well Pll is destrowed; 'The M-series wells have 59/16 in diameter steel
casing, which is slotted and éravel packed through the aquifers (Hydro-search,
lnc., 1981). The wells were cemented from the tops of the gravel packs to
ground surface, except fof wells completed in waste rock and well M22 (wrxtten
communlcatlon to Anaconda Company from Hydro-search Inc., August 1981): .
Most wells are open to the two. pr1nc1pal aquifers in-the area. the

alluvium and the Jackpile sandstone. None are completed solely in ‘bedrock

overlying the Jaokpile sandstone. Well M25 is completed in the mudstone unit of
the Brushy Basin Member dnderljing the Jackpile sandstone. Wells M17 and H24
_y_are drxlled Lntq,mxne waste rcek.“ Jackale sandstone xntenvals penetratgd by

e e T

the wells are glven by Hydro-search Inc. (1979 and’ 1981)

¢

.,
]
-
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Figures 5, 6, 7 and 8 are graphs showing well construction, and positions
of water levels. The diagrams show equal spacing between wells. They are
intended to illustrate relative positions of strata contacts and water levels,
and should not be construed as geologic sections. Strata contacts and well
depths are from Hydro-search, Inc. (1979 and 1981). Water levels Qere measured
in June, 1981,

Wells in the northern part of the mine (fig. 5) have water levels above the
top of the Jackpile sandstone, whereas those in other areas have water levels
within this strata. Recharge is primarily from overlying strata to the north
and northwest. The dip of the rocks causes the Jackpile sandstone to be below
land surface northand west of the mine, resulting in complete saturation. Water

levels below the top of the Jackpile sandstone are due to discharge to valleys

and mine pits, and .probably less recharge at lower altitude.
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Potentiometric surface and directions of

ground-water flow

Regional ground-water flow in the Laguna Pueblo is southward toward the Rio
_San Jose, and eastward toward the Rio Puerco (Lyford, 1977). The emphasis of
" this report is oan local flow,~nnd descriptions are based primarily oun a
potentiometric—surtade map of the Jackpile mine:

Water levels and well depths were-neasured in all wells reported by
Hydro-search, Inc. (1979 and 1§81) as being completed in bedrock, and two wells
completed in waste rock (table 14). Measurements were made with steel tape
during the period June 10 thrnugh June 12, 1931. Accuracy is about.i 0.05 ft -
for most wells. It is about + 0.2 ft for well M20, and about % 3 ft for well
P6. Water—-level éltitudes are given in tenths of a foot for P-wells, because
only ground-surface altitudes at the wells are available. Table 14 also shows
altitude differences for nnter levels measured in earlier studies by
Hydro-search, Inc. (1979 and 1981) and those measured for the present study.

The water levels represent composite heads, because the wells are open to
many feet of saturated rocks. Wells open to the Jackpile sandstone are used to
indicate general directions of ground-water tiow and general gronnd-watgt .
gradients-in that stratum howtver, because most are open to the entire thickness

of the stratum: Hydro—-search, Inc, (1979) measured a water—level at altitude

5960 ft ia uell Pll.(now deétroyed) in March (1979, and~thrs meaSurement.was_

“ e L) T, . - .- - ERR S PR e .
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T - also used in constructing a potentxometrxc-surface map fot the present report.‘“;"
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Table l4. Water levels in wells at che Jackpile mine. All values
are in feet.

Well Height of Depth to Altitude of Difference Depth of

casing above water in water level from previous well*
ground level June, 1981l* in June, 1981 levels*¥
Ml 2.0 298.59 6003.61 - 3,01 403.1
M2 1.6 110.30 5962.61 + 2,18 . 201.6
M3 1.7 162.68 5924.04 + 0.22 302.7
M4 2.3 44,83 5896,77 + 0.65 110.7
MS 2.8 378.52 6014.57 - 1.30 467.17
M6 2.2 170.21 5976.08 ~18.66 261.8
M7 2.5 327.59 5940.96 - 0.05 _ 360.1
M8 2.1 T 162.18 5940.29 - 3.05 217.8
M9 2.2 90.94 5926.98 - 0.29 219.9
M10 2.6 231.47 5959.33 0.00 289.9
M1l 2.5 90.93 5912.95 - 0.35 222.4
M12 2.4 173.74 5920.86 - 0.24 201.5
M13 2.5 270.37 5955.53 - 270.8
M1l& 2.5 . 199.13 5912.76 - 1.44 324.2
M15 2.3 123.12 . 5925.70 - - 5.22 251.3
M16 2.1 147.47 5911.51 - 0.72 219.4
M17%%% 2.7 249.02 5867.86 - 254.1
M18 2.2 217.31 © 5878.95 . - 219.3
M19 2.7 274.85 5930.21 o+ 0,27 406.9
M20 2.5 180 - 5925.2 - 0.2 188.4
M21- 2.4 114,43 - 5961.17 - . -10.14 ~ 204.0
M22 2.8 264,71 5982. 64 +1.04 - 290.7
M23 02,3 . 58.61 5951.52 - 0.93 202.9
Mza*** ~ 3.0 244,40 -5981.45 - 246.9 -
M25%%k%- . 1,6 179.34 . 5906.06 - -
M26 1.8, 38.79 5881.11 - - = 0.26 67.1
Pl - 0.5 45,98 - 5897.9 . - - 1.8 86.2
P2 2.1 52.170 5923.1 -+ 1.3 - 143.2
P3 0.5 151.93 . 5921.5 - 2.9 .313.4
P4 1.6 57.08 . 5953.0 - - 3.0 171 6
. P6 1.4 270 T 5969 T =23 - ,
P71 77 168,53 0 05962,5 . =40.3 - _269 9 Tl s
TRP8. T TLL007 00T 122,09 0T 5920050 a0 = 2,0 25008L L. sl
P9 - - 2.4 - . 177.33° - " 5912.2 - - ~=9.0 - 332.7 '

*Depth referenced to top of casing. ' S e : -
. **Jater levels measured in December, 1980 (M-wells) and March, 1979 N
. (P-wells) subtracted from those measured in June, 198l. S ’
“**%Completed-in backfill.. SN

****Completed in™ Brushy Basxn Member below Jackpile sandstone.;i'v . e
= - g ." . ‘.-. 3 -7 ’
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Well locations and potentiometric surface for the Jackpile sandstone are
shown on figure 3. Flow into the mine area is primarily from high areas on the
flanks of Mount Taylor to the west, and probably from Mesa Chivato to the north.

Much of the flow from the west is intercepted by the North and South Paguate

pits, and by pumpage from the P-10 undergrouad mine. ) T
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Seepage faces are obvious on tﬁe walls of the North and South Paguate pits.
The top of a seepage face was at altitude 5948 ft on a waste-covered section of
bedrock at the north side of the South Paguate pit, and a pond in the lowest
part of the pit had a water-surface altitude of 5927 ft (figure 3). The
altitudes were measured in June, 198l. They were below water—level altitudes
measured in nearby wells. Water~surface altitu{es were not measured ia other
pits, but the lowermost pond in the Notth Paguate pit was visually observed to
be below the tops of seepage faces. Closed potentiometric coantours were
therefore drawn around all pits, and indicate gtoqnd-wager discharge into the
pits. Water loss is by evaporation, and use of pond water for wetting roads.
Bedrock edges of pits were drawn, because the pits counstitute sinks for
ground-water flow.. Topogtaphic:contéurs could not be used, because some high
areas at pit edges are extensive.piles of waste rock. Most crosé séctions-drawn.
by Anaconda Copper Company- (1980) sth "edées of excavation",‘and these are
shown on- figure 3; The top of the Jackpile sandstone at the approximéte-éit
" edge 1s illustrated-wpere the edges of excavation are not shown on. the cross
sections. Where neither of the boundaries were reported, Fhe edge is not shown.
Both the 'edges of excavation" and the edge of'tﬁe Jackpiie sandstone are shown °

at the northeast ead of the Jackpile pit, because the top of the stratum

underlies much of the excavated surface at this location. - Few detailed cross

sections are.available for the North Paguate pit, so its boundaries are not o
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The positions are approxi;;te for the gréund-watef divides near the pits, -
because there are few wells at pit ;;ges. Potentiometric contours at pit edges
are simplified: with exteasive data-point control, many closely spaced coatours
would be drawn near seepage faces.

Water-table surfaces could not be drawn inside pits, due to lack of data.
A pond in the south Paguate pit, with water surface altitude measured at
5976.3 ft (fig. 3) in June, 1981 is higher than the pond in the deeper part of>
the pit, and higher than wate% levels in some wells. The higher ponds are
probably due to sur face rqnoff and water from near-surface infii;ration
discharging into them. Infiltrating water from the higher ponds probably flows
through backfill material, toward the lower ponds.

Water-lévei diffefenées shown in table 14 generally show lower heads for
the later measurements. Differences of about 2 to 3 ft ;re probaSIy not
siénificant. They may bé due éo different measuring techmiques,. or seasonal
changes. ngnlfxcant head declines in wells M6 (18 ft), P7 (40 ft) and P6

(23 ft) probably result from decreasxng heads due to dxscharge into the North )

and South Paguate pits. Head changes in well Ml, M22 and M7 ‘are small,

"indicating that pumpage from the P-10 underground mine presently "has less
influence on heads near wells M6, P7 and P6 than does discharge4iptb the Paguatéf
pits. Discharge into the North Paguate pit probably c;usea the he;d declines in
._»’ueu;s_ P3 (3 £c); P9 L9 f£r) and M8 (3 f¢). e et f
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Well M25 (not shown on figure 3) is 50 ft from well M3, and is completed
in a sandstone bed underlying a mudstone unit approximately 100 ft thick. The
mudstone underlies the Jackpile sandstone in which well M3 is completed. The
water level in well M3 was 17.1 ft higher than that in well M25 in August, 1981,
indicating dowaward flow at this iocaCion. Weli M25 penetrates about 180 ft
more strata tham well M3 (Hydro-search, Inc., 1981), indicating a gradient of
about 0.1 in the vertical. . |

The local flow system is probably more complex than shown in figure jﬂ
Even though 33 wells are available for control in drawing potentiomefric
contours in the Jackpile san&stone, data are insufficient to show: influence of
localitopograpic and mining feagures; gradients near streams, particularly the
Rio Moquino and downstream reach of the Rio Paguate, aqd; flow in the northern,
northwestern, and southeastern parts of the mine. -

Potentiometric contours at Gavilan Mesa ;re highly interpreti;e, with only
wells MI9, M20 and M2l for.toﬂtfol. Hydro-search, Iac. (i§81) drew conto;rs in
“this area as reflecting flow fréﬁ thé ;ast: There is no apparent recharge area -
in that direction however, and Gavilan Mesa is the highest area-;t the eastern

part of the mine. Contours are therefore drawn as indicating local recharge

through the highly fractured rocks comprising Gavilan Mesa.
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.fractures in the Mancos Shale, migﬁt show one or more water. tables higher than . .

R U L T e AT e P a2 I

‘ .
.

The gradients drawn around the northwest and west side of Cavilan Mesa are
about one to two orders of magnitude gréater than would be expected if a

hydraulic conductivity of 0.3 ft/day were used for the Jackpile sandstone

_ (explained in the following section), with a recharge-discharge rate of

0.1 in/year. The water level in well M9 (fig. 5) shows nearly complete

saturation of the saadstone at this location, at an altitude of 5930.2 ft.

Contours from 5930 to 5960 ft in figure 3 therefore représent saturation of the
Dakota Sandstone on the mesa.» Observations of outrr0ps showed the rocks to be
tightly cemented, with most éffective poroéity apparently due to fracturing.

Hydraulic conductivity could be two orders of magnitude less than that in the -
Jackﬁiie sandstone, thus producing gradients approximating those shown. »

A well on Gavilan Mesa, completed in the Jackpile sandstone, would show

whether or nmot thne interpretation illustrated on figure 3 is correct. -Wells at

_the same location, open o&iy"to fractures ian the Dakota Sandstone and only to

that rn the Jackéile s;ndstéhe.i-ﬁr'éo, locgi recharge might be e;pected iﬁ
other areas of the miﬁé, inéludiné warQe'&ﬁmps.b

The ground-water divide at the 5970 £t rétentiometric corrours rruth and
east of the South Paguate pit are probabl} either due to: (a) nouequillibrigm
conditions resulting from withdrawal in the P—lO underground mine énd'losses to

the $outh Paguate,plc thus lpwerlng a hxgher surface present when heads wgre
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b N . - e ,,..,_,_. - . e - - iy -y .-_L-- - 3 L -" T T s 2T e

N . -t

greater at the westérn part of the mlne, or (b) equxllxbrlum condLCLons whlch B

reflect local recharge. Similar explanatlons may ‘be made for the ground—water ' e
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.section 12 by Anaconda Company ("Jackpile-Paugate Mine Additional Cross Sections

‘
-; ~ - ] - .- F{-‘-
;ju. part Qf the mine is no; def;ned but 1s probably.COward thq Rio" Paguate, o; "t}i'f§:=
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.alCerat;on, Natural varzatxons in hydrqqllc conductxvxty arerlxkely to also )
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Well M17 is in a waste dugg'at khe southwest end of the Jackpile pit
(fig. 3). The dump exéends southwaéé to a small mesa on which well M18 is
located. Data are insufficient to determine whether flow in the vicinity éf
well M18 is toward the dump, or toward the Rio Paguate. Potentiometric contours
between wells M16 and Ml8 were therefore truncated.

Streams gain water near the center of the mine, as indicated by the .
potentiometric contours. Hydro-search, Inc. (1979) described gains of about
20 gal/min near the confluence of the Rio Moquino and Rio Paguate, whereas
losses were observed- in the Rio Paguate from the western edge of_the mine to a
point about 1000 ft above its confluence with the Rio Moquino.

The potentiometric surface shown in figure 3 does not reflect losing areas,
which would be expected to result in ground-water mounding along the stream.
Contours could not be drawn with available_déta to reflect ground-water

mounding, without producing unreasonably large gradients. The stream channel .
) : : . |

was changed during mining in the vicinity of wells M23 and P4 and, as shown on.

1-19", undated), is now underlain by about 40 feet of waste rock. The waste is

probably permeable‘énough so that there is little ground-water mounding.

In SUmmafy,.normal ground-water flow has been changed in the Jackpile nine

by pit éxcavations;‘pnmpage from undergrodnd mines, and probably. by streambed

produce local' hanges i flow.- Extensxve well control would be neednd ‘to_ deflnef'-"
the ground-water system accurately.' In general ground water enters the mine

prxmarlly from che west and north, and flows mostly tdward pxts, the P-lO .

-

undergrOund mxne, and’ the Rxo Faguate and Rxo Moquxno. -FIow in the southeasteq{’
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Aquifer Tests

Water—transmitting characteristics- of aquifers were determined at four
sites-ip the Jackpile.mine. A submersible pump ;as installed in'cﬁree wells,
and constant-rate pumping continueé until completion of tests. A fourth well
(MZS) was "slug tested", using a piston to iﬁcrease the head in the well. Head
data were collected continuously at each site, from both the pumped well and a
nearby observation well. Pressure transducers were used, and readings were I
verified about hourly by measurements with steel tape.

Strata and sites tested were: the alluvium at the confluence of the Rio
Paguate and Rio Moquino; the Jackpile sandstone at the northwest and southwest
parts of the mine, and; a sandstone bed in the predominatly mudstone part of the
Brushy Basin Member at the northwest part of the mine.. Test data were analyzed
as follow: wells MZ and M4C by the nonequillibrium mechod-;ith allowance for
delayed yield from storage, as described by Boultom (1963); well M3 by the
curve-matching, nonequillibrium method described by Theis (1935), and well M25
by the instantaneous-charge method described by Cooper, Bredehoeft, and

Papadopulos (1967). )

Description and results of the tests are given in table 15; Distances
between discharge and obsggvafion wells Qerg obtained from

Hydro-search, Ine,-(l981);' Weli 1ocati6ns are shown on figuréi3:'eicéptffor

- .
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uell MAC whxcb is -located 54 ft-nartheast of well M&. Hydtaubxc»conduct1v1Cy-

B S TE e e,

- sandstone is' about 0 3 ft/day; The alluvxum-has hydraultc

conductivity almost two orders of magnitude greater than the bedrock strata
tested, probably because of larger intercoannected pore size and lack of

cementation between grains.
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Table 15. -Aquifer tests of four wells in the Jackpile mine.

Well M2 M3 M4C M25
Strata tested Jackpile Jackpile Alluvium  ssBB*
sandstone sandstone ’

Distance between discharge ) 54 44 S2%k - ‘
and observation wells B -

Date test began 8/19/81 8/24/81 8/22/81  8/19/81

Altitude of water level 5964.6 5924.5 5897.4 5907.4
before test (feet)

Maximum drawdown (feet) 37.0 61.6 1.9 -

Duration of test (hours) 43 88 17 2. -

Pumping rate (gal/min) . 5.1 15.3 8.6 -

Saturated thicknes; (feet) 93 120 19 60

Transmissivity (ftzldéy) 26 | - - 47 410 20

Hydraulic conductivity_(ft)day) 0.28 0.3? iZ. 0-33

Storage coefficiént X lba ' 1.9 2.7 S U R DY »A .

(dimensionless) ) ’ -

*Sandstone bed in predominantly mudstone part of the Brushy Basin Hembe;.
**Observation well used was M4B. ’ R
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The 0.33 ft/day hydraulicfeondnct{vity for the sandstone bed in the Brushy
Basin Member at well MiS is probabli much larger than that for the mudstone part
of the Member. Mudstone beds approximately 100 ft thick separate the sandstoae
bed from the overlying Jackpile sandstone (Hydro-search, Inc., 1981). Maximum
water~-level change was 0.16 ft in well M25 when 61.6 ft of drawdown was produced
in the Jackpile sandstone after four days of pumping at well M3. Distanqefis
ouly 50 ft between the two wells. The small head change ian well M25 may have
been due mostly to change in barometric pressure during the test. The

predominantly mudstone part of the Brushy Basin Member probably forms the lower

hydrologic boundary in the mine, as indicated by the lack of'hydraulic

connection with the Jackpile sandstone, and because it underlies the alluvium

and stream channels in the area.-

The small storage coefficients Eor the Jackplle sandstone Lndxcate a

confined system. Water levels in wells M2 and M3 were below the top of the

aquifer, so the Dakota Sandstone did not cause the confxned condxtxons at the

well sites. The Jackpile sandstone contains discontinuous’sttata of bentonlttc
mudstone, and clay content increases upward in the stratum (Moench and

Schlee, 1967). The mudstone and clay cement probably cause local confxned
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e o EIA Sl AT e T e T e e R T ST e

conditions.

CONFIDENTIAL T RN 3 POL EPA01 0008547 I

v . oL - . L2 . e e e
LY L . c et . - e . . .
- - - Sae - . - aate - >

. T, 8 - < - - ® - . P -

« .o-\. '-.-«. ¥
“n?



CONFIDENTIAL - Sl e IR "ol ERAD1-0008548;

Flow through backfill and waste piles

Few data are available to accurately describe flow through backfill (im
pits) and waste piles (located outside pits). Problems regarding drilling and
completing wells in waste rock are described by Hydro-search, Inc. (1981), and
these evidently account for the lack of data. Two Qells (M17 and M24) were
drilled into backfill, but difficulties in compLeting them prevented proper
grouting of the annuli.

Well M17 was drilled into.backfill at the southwest end of the Jackpile pit
(fig. 3). The water-surface altitude was 5968 +1 ft at a pond about 500 ft
north of the well in August, 1981. This was within 1 ft of the water level in’
the well. The greater head at these sites was not determined, because of the
large error range ;n pond-surface altitude. Water may be flowing through
backfill northward toward the pond, or from the pond toward lower areas to the
west or south. |

Well M24 is located at the north end of the South Paguate p;t-(fig{ 3), and
had a water-level altitude at 5981 ft in June, 1981, The water—level altitude
is greater than that of the water surface in the lowermost pond in the pit, and
greater than heads in the Jackpile sandétone near the well, .Well Mi& was
drilled thr&uﬁh:backfill into what was formerly a holding éond for-water.pumped
from mine'workiﬁggl(ﬂydro-search, Inc., 1979 and 198i2. Thé.water level may -

represent: \ground—wgfer wounding, or perched water, due to the holding pond;

local recharge to the backfill, or; surface flow down the well anaulus.
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Flow from the Rio Paguate.to well M24 is not likely, because.tﬁé water - '
table in the alluvium was at altitude. 5970 ft in Mafch, 19}9 (HydtoTSearch.
Inc., 1979) at a point about 1500 ft downstream from wells M23 and P4.
Discharge from the backfill at well M24 is probably toward the South Paguate
pit, toward the Rio Paguate, or both.

No wellg are completed in waste piles, so it is not known if the piles are
unsaturated, periodically saturated, or constantly saturated. Runoff was
observed flowing into small cavities atop two waste piles during a period of
heavy rainfall, indicating much of the recharge is probably through very
permeable vertical channels below surface depressions, rather than uniform
infiltration over the surface of the piles. No seepage faces were observed at
the bases of the piles during dry weather, indicating: saturation may be
limited, and of short duration, or; flow may be vertical through the bases of
the piles to the underlying bedrock or alluvium.

A hydraulic conductivity of 190 ft/day was reported for waste rock at well
M24 by Hydro-search, Inc. (1981)._ The waste piles may have large enough
hydraulic conductivity so that infiltrating water is discharged rapidly,.

preventing long-term saturation.

I
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" AJATER BALANCE -

A water balance is useful for estimating evapotranspiration in the Rio
Paguate drainage basin. A general form of the water-balance equation may be
written as: P = R + AGW + U + ET, where P is precipitation, R is runoff, AGW is
change in ground-water storage, U is underflow, and ET is evapotranspiration.

The change in ground-water storage is assumed to be negligible on an annual
basis. Total underflow is approximately equal to underflow through alluvium, as
described previously. The U is therefore about 40 ft3/s-days annually, which is
equivalent to about 0;01 in/year over the 107 mi2 drainage area above the gaging
station. The underflow was added to runoff, and the sum subtracted from
rainfall to estimate ET for water years 1977 through 1980 (table 16). Water

losses by evapotranspiration are very large, constituting about 98 perceant of

rainfall.

Table 16, Water balance for the Rio Paguate drainage basin above the
gaging station located below the Jackpile mine. Values are in
inches/year, except numbers in parentheses are percent of rainfall. . -

Water Rainfall * Runoff plus ET*
Year _ ; ’ _ underflow
1977 8.38 - ' 0.197 8.2 (98)
1978 7.90° 0.147 7.7 (97)
1979 "11.60 0.179 . 11.4 (98) )
1980 9.85 ) 0.120 9.7 (98)
_ Mean 9.43 0.161 "9.2 (98)

*Evapotranspiration..
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WAfER QUALITY
The available data from water analyses range from poor to good, based on
cation-anion percent differences. The differences usually exceed 5 percent;
many range from 10 to 50 percent, and some are over 60 percent. Reliability of
much of the data is therefore questionable.
Surface-water and ground-water sampling sites are shown on figure 9. Most
‘ground-water samples were obtained from older wells in the mine, and do not

include the recently drilled "P"-series or "M"-series wells.

Water types ;nd dissolved solids

Stiff diagrams were used to determine water types. Water in the Rio
Moquino is a sodium-calcium-magnesium-sulfate type. Water in the Rio Paguate is
a sodium-bicarbona%e type above the confluence with ghe Rio Moquino. Below the -
confluence, the water in the Rid'Paguate is of the same type a; in the Rio
Moquino. ‘ .

The mean concentrations of total dissolved kélidé are abou;-;éoo to:> _
1900 mg/L in the Rio Moquino (table 17). They range from 575=§oi7bd:mg/L:in the
Rio Paguate above its confluence ‘'with the Rio Moquind,.and'are éb6u£.2060 mg/L
below the confluence. Mean conceatrations of total dissolved églids:in~gfoﬁnd'
watef range ftgm 900 to 1500 mg/L. ]

éulfhte concentration is the limiting factor for use ofsyater in'ﬁos; of
the mine,qreal;jThe.waCer in the Rio Moquino is high in sulfate.bgfqre it
:eaches.ghe Jackéilé“mine: This high—sglfate‘water dominates the wafer qualiby'

in the Rio Paguate below its confluence with the Rio Moquino. Abovethe -

confluence of the streams, water of the.Rio Paguate is of good qdalitys'zthﬁ_,.
SORRRAERTEOS T : . . 3 : e
.water in-the Rio Moquino aund lower reaches of the Rio Paguatgfihfﬁéqaﬁye foﬁ;f-.
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Table 17. Mean concentrations of total dissolved solids in water from the
Jackpile mine area.

Sampling site Total dissolved solids
(mg/L)
Rio Paguate upstream - less than 575
" Rio Paguate above confluece less than 700
Rio Moquino upstream 1600
Rio Moquino above confluence N 1900
Rio Paguate at ford crossing ; 2000
Rio Paguate at Paguate reservoir 2000
Well number 4 » 900
New shop well 1400
01ld shop well : 1500

Although the water quality is poor in the Rio Moquino and lower reaches of”
the Rio Paguate, as compared to areas of greater rainfall, it is better than in
other strea@s with;n a 60 mi radius of the mine. Water—quality data have been
collected at the Rio Puerco near Bernardo for 34 years, and show persistent

salinity.
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Minor elements

Concentrations of all minor elements were low in water flowing through the
mine, and were essentially constant during the period of sampling. The
concentrations of minor elements in water upstream and downstream from the
Jackpile mine were below maximums established by the Environmental Protection
Agency (1975 and 1977) for public water supply, agricultural, and industrial
use, except in a few cases where one or more minor constituents limited use of
the water for public supply or irrigation.

A few isolated samples exceeded the recommended limit of 0:05 mg/L for
manganese in a public supply. A sampling point on the Rio Paguate above the
Jackpile mine contained 0.078 mg/L manganese on January 29, 1979, and a sampling
point on the Rio Paguate below Jackpile mine contained 0.22 mg/L manganese on
November 1, 1977. ‘

A sample taken from well number .4 contained 1 mg/L of borpn ip July, 1977,
as did another sample -from the new shop well. These cqncentrgtiqns restrict use
of the water for irrigation, except for crops semi-tolerant or foieraﬁt to
boron. Samples frém.thé old shop well contained a mean conceﬁtration of:

0.157 mg/L of selenium, which cénsiderably exceeds the 0.010 mg/L limit

recommended for use as a public supply.
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Radionuclide concentrations

Concentrations of uranium and radium 226 increase downstream in the Rio

Paguate and Rio Moquino, as these streams cross the Jackpile mine. Table 18

shows the means of these constituents, for both surface and ground water.

Analyses that show "less than" a given value are not included in the means.

All of the means in table 18 are less than-the maximum permissible

concentrations for uranium and radium 226 (both 5

picocuries per liter) in a

public water supply, as proposed in the U.S. Environmental Protection Agency

(1981). No single uranium détermination exceeded
Radium 226 concentrations were within permissible
but numerous determinations immediately above the
and Moquino exceeded the limits. Sites below the

values exceeding the limits. The gaining reaches

the permissible limits.

limits at the upstream sites,
confluence of the Rios Paguafe
confluence also had many

of the two streams appears to

be the principal source of-high radium 226 concentrations.

A few samples were analyzed for thorium 230, -

and concentrations were less

than the maximum permissible concentrgtioﬁs of 2000 p{coéuries perilite;.

Table 18. Mean concentrations of uranium and radium_ 226 in water from the

Jackpile mine area.
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Sampling site Uranium Radium 226
' (mg/L) (pci/L)
Rio Paguate upstream - 0.008 . 0.36
_Rio Paguate above coafluece . 0.160 3.89
~ . Rio Moquing upstream - . 0.007 0.34
. Rio Moquino above coafluence - =~ 0.051 1.73
 Rio Paguate at ford crossing ~ ' 0.266 4,31 L
. Rio Paguate at Paguate reservoir -, -0.210 ", - 1318 .. s
Well number. & R _ 0.005. 0.54 . - Cwesd
New .shop well. . - S T 0.008  : 2,19 - ;%;Q. T
0ld shop well*, -~ '. -~ .7 ' o120 2013 . LF&F' LR
P-107well ~ . . “t7 L .0,0036 e 70,82: 0 B T Do
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HYDROLOGIC- CONDLTIONS AFTER RECLAMATION

Part of the pit backfill will saturate after reclamation. The water will
discharge to streams, and to adjacent strata. Saturation will result from: the
end of pit-water use for road conditioning, considerable decrease in evaporation
of pit water, discharge from bedrock, and local recharge. The water in backfi}l
at the Paguate pits will discharge primarily to the Rio Paguate, because only
permeable waste rock separates the pits from the stream. Discharge from the
Jackpile pit will be to the Jackpile sandstone, because the bachfill is enclosed
by this strata. _Heaes in the Jackpile sandstone will increase due to saturation
of backfill, and the eventual end of pumping from underground mines.

Waste piles are different hydrologicaliy from backfill, in that they
receive'oniy_locai-reeharge. Discharge from the piles_mey be along the ground
surface, or’ 1nto underlylng alluvxum or bedrock .

P1t backf1111ng is necessary in order to reduce radon exhalatlon from_ the 2 .

B e ST
-~ »

part of the Jackplle sandstone exposed by mxnzng. Flow through both backf111
and waste piles is consxdered partxcularly 1mportant, because. (a) water
~flowing through weste rock may.contaln elevated levels of dissolved materials,
due to incredsed surface area exposed on the rock as the result of mining, and
due to increased soluhiiity of minerale in the rock ae-a result of their
oxidation, (b) if long-term ponding results from part of the backfill being

below the level of saturation, animals using the ponds could injest abnormally

large quantxtxes of dissolved materxals, and (c) increased levels of dxssolved

materrals could enter aquxfers and streams. . .. : .
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Flow through backfill

The Rio Paguate gains water from the alluvium, both upstream and downstream
from the Paguate pits. A well used for public supply at Paguate village is
completed in alluvium of the Rio Paguate, and occasionally flows (Lyford, 1977),
indicating discharge to the stream above the mine. Gains in streamflow below
the Paguate pits, and losses between the pits, are described by Hydro-search,
Inc. (1979). The present loss of stream water between the two pits is probably
due to infiltration of the permeable backfill underlying the stream. It is
therefore reasonable to assume that, prior to uining, the Rio Paguate was a
gaining stream.along its length from Paguate village at least to its confluence
with the Rio Moquino.

Ground water will attempt to reach equillibrium at pre-mining levels after
reclamation. The downstream part of the backfill underlying the kio Paguate
will thererfore prohab1y~saturate to streau level. The streem would then be the
direct hydraulic control for dxscharge from backfill in the Paguate pxts. |
Discharge from Jackpile pit backfill would be through the Jackpxle.sandstone,' -
and most of the water will probably enter the alluvxum and the Rxo Paguate west,
and possxbly south, of the pit. The level of the Rio Paguate would therefore‘be

the ultimate hydraulic control for water levels in backfill at the Jackpile

pito - . . " . ..
Conceptual models are shown for the South Paguate pit (fig. 10), and the

Jackpile pit (fig. 11). Flow through the North Paguate pit yould.be similar to.

LY

that for the South Paguate oit;-except that discharge toward"the stream would be:

éouthward The generalxzed sectxon through the South Paguate p1t is- from the

southernmost edge of the p1t (southeast pf well P6) to the Rxo Paguate upstream

N . .._ K L S
~e - . P s,

edge of Gavxtan Hesa,.xhrough well sxte H18 to the Rio Beguqte" T < .l
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from well P4 The generalxzed sectxon through the Jackpxle p1t is from the west‘._




Positions are approximate on figures 10 and 11 for: the water table; level
of proposed backfill; and, particularly, the bedrock surface beneath backfill.
Mean thickness of backfill beneath the Rio Paguate is assumed to be about 30 ft.
Cross section number 12 by Anaconda Copper Company ("Jackpile-Paguate Mine
Additional Cross Sections 1-19", undated) shows backfill under the stream as
40 ft deep. Well site P4 is underlain by 16 ft of £ill (Hydro-search, Inc.,
1979). The contact of the Jackpile sandstone and the underlying mudstone unit
of the Brushy Basian Member is at ground level west of the Jackpile pit, near the
Rio Paguate. The Jackpile sandstone has been removed by erosica near the south
énd of the Jackpile pit.

Infiltration of backfill will be from: runoff; direct precipitation, and;
discharge from bedrock, particularly the Jackpile sandstone. Discharge will be
to the Rio Paguate at the the Paguate pits, and to the Jackpile sandstone -
alluvium - Rio Paguate at the Jackpile pit. Discharge at the south end of the
Jackpile pit could also be througb the mudstone.upit-of ﬁﬁe qushy Basin
Mémber.' _ S

"Ponding will probébly resu1h'iflbackfi11 in. the Paguate pits iS‘Sei?g thé:
level of the kio Paguate "ad jacent to the pits. .Evapotranspiration may be |
sufficient to ﬁrevgnt long~term ponding if the levei of backf%}l is at stream
level, but occasional ponding could occur during periods  of lp;
evaéotransbiration_o? largé rainfali. Little ;ékno po#diné will occur if the
backfill is several feet above'éﬁfegm level. The altitude of the stream is
about 6010 ft at the upstream eﬁdﬁof the backfill and at about 5975 ft at the
downstream end of-the béékfil{;. The ﬁefght of the water table i; backfill ié

.dgtermined by recharge to the pits:anp;disqhatge to the Rio Paguate.
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Assuming inflow 1s equal to ougflow at the Paguate pits, the general
equation for recharge-discharge may be written as: KjIjAj + P = KplpA, + ET,
where; K and I are terms described previously, A 1s cross—sectional area
perpendicular to flow, subscripts "j" refer to the Jackpile sandstoae,
subscripts "b" refer to the backfill, P is water added to the pit by direct
precipitation and runoff, acd ET is evapotramspiration. A linear approximation
of the height of the water table is described by the product IyD for given
distances D upgradient from the stream.

Values for most factors in the equation above are known, or can be
reasonably estimated. Little data are available regarding ET however. The
average ET for the entire Rio Paguate drainage basin is about 98 percent of
rainfall, as described in a previous section. This perceat could be quite_'
different locally, particularly where direct precipitation and ruanf from steep
pit wélls"may quickly infilttaté perméable backfill.

~ The position of the water table in backfill at the Jackpile pit is
controlled by factors described for thé.Péguaﬁe pits, and also by discharge
through: the Jackpile sandstone; alluvium, a&d; bossibly tﬁe.mudstone pnit_in
the Brushy Basin Member. Flow is therefo?g-;gross.at least fbuf-boundarieé, as
oppdsed to two in the Paguate pit;. After reclamation, ground-water'levels in
backfi}l will attempt to reach equillibrium between heads now in Gavilan Mesa, -
and the levels of the streams adjacent to the pit. The Rio Moquino is at an

altitude of about 5925 ft west of the Jackpile pit, and the Rio Paguate is at an

altitude of about 5850 ft near the southwest end of the pit.

. -y "
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Computer flow models should be.used to approximate water-table altitudes in
backfill after reclamation, and to estimate the volumetric rate of discharge.
The ultimate recovery levels of ground water are not known precisely, so

_ discharge from bedrock would have to be estimated. Error would probably not be
significant if discharge is assumed to be from the entire thickness of the
Jackpile sandstone. "Estimates would have to be made for modeling local
infiltration and recharge to pits, bec;use no data are available. Worst-case
conditions could be examined By using extreme rainfall events, such as those
given in table 3, and low evépotransPiration. The hydraulic conductivity of
190 ft/day obtained at well site M24 (Hydro-search, Inc., 1981l) could be used .

for backfill. The hydraulic conductivities given in the present report could be

used for the Jackpile sandstone, and for the alluvium.

~2 - N * -
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Flow thréugh waste piles

The unnamed valley on the east side of Gavilan Mesa is dry except for short
periods with large rainfall. At least the upper part of the alluvium is
therefore unsaturated. The waste piles blocking the valley are probably also
'dry much of the time, because no Aischarge is visible at their downstream end.
Water infiltrates the alluvium and waste rock however, and is partly Aue to
occasional ponding at the faces of the piles.

Wetting frounts move more rapidly. through fine-grained materials tham
through coarse-grained materials. Therefore, ponded water at the waste piles
may enter the alluvium more rapidly than "the waste rock. The volume of water
entering alluvium and waste rock, and the extent of saturation of the waste
rock, at the blocked valley would probably best be determined by constructing a
flow modei_of the site. The values given in table 13 for depths of ponded water
provide“SOme of the boundary conditions for the model. Other couditions are not
known, such as: thickness of alluyial deposits, depth to-water éaBlé, and - - |
unsaturated hydraulic conductivities. These would have to be'estimateé, or -
determined by field investigation. . - s '._ : _ .

Numerous waste piles are lo;ated outside of valléys, and qre'nbt part of
pit backfill. Recharge to the piles will be from direct ﬁrec{pitgtiqn.

'chlamatipn plans call for the piles to be flat-;oppéd,_wif%—tgrraded sides aédf
bermshéq reduce erosion. - The proposed design promqtés‘ﬁnfiitration. ' 'A:
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The alternative to the proposeé form of reclamation would be to have waste
piles mound-~shaped, with no berms or terraces. Infiltration of the piles would
then be reduced. Erosion of soil cover; and extensive gullying on the sides of
the piles would probably result, however. The accelerated erosion would
transport radionuclide~bearing sediments to adjacent streams, to the Paguate
reservoir, and perhaps to the Rio San Jose.

Assuming waste piles are reclaimed as flat;COpped structures with terraces
and berms, infiltration will be greatest in the baéins formed by the structures.
Waste piles presently reclaimed show highly transmissive vertical channels at
the lower parts of the basins. Runoff from adjacent higher areas rapidly

infiltrates these vertical channels. -

Infiltrating rainfall and runoff may flow through the piles so rapidly that

saturation of the waste does not occur, or is short—term. The time of water

contact with the waste may therefore be short, so that solution of mineralé from

the waste is minor. No data are available regarding extent of saturation or
water quality in waste piles, hoﬁever.

Flow through waste piles should be modeled, using dimensions of a typical
waste pile. The lower boundary of the pile may be alluvium; or may be bedééck.
As described previously, infiltration rates would have to be estimated for the

model.
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"PROPOSED MONITORING ] )
Su;face water

Sampling points presently used for surface-water quality (fig. 9) should
continue to be used, except possibly for the one at the "ford crossing". They
are properly located for determining water quality at hydrologically important
points, and should show changes in quality as water moves through the mine.
Four additional locations are suggested for sampling. One of these may be
substituted for the "ford crossing" sampling point. Their locations, and
reasons for sampling the locations, are described below. B

One sampling point should be located at the U.S. Geological Survey gaging
station, where the Rio nguate flows beneath the railroad spur. Reasons for
establishing this sampling point are: (a) some water from waste dumps
¢, D, E, F, and G, and possibly some water from the Jackbile pit, may discharge

to the Rio Paguate below the ford crossing sampling-point, (b) discharge data

from the gagxng station may be used to compute a dxssolved~const1tuent load from

the mine, and (c) the location is suff1c1ent1y far enough from dxstutbed areas
so that samples from the site may be considered as teflgctxng most Lnfluence
from mining activity (except possibly for some flow from the Jackpile pit via

alluvium). This sampling point could be substituted for that at the ford

.
crossing.
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A sampling pdinc should be est;blished above Paguate reservoir, north of
where swamp-like conditions exist due to sedimentation Ln the reservoir. No
data are available reagrding flow through alluvium to the Rio Paguate below the
mine, but ground-water could discharge to the stream between the southern mine
-boundary and the Paguate reservoir. The ground-water discharge could dilute, or
possibly increase, ion concentrations in surface water discharging from the
Jackpile mine. The samples presently taken at the dam of Paguate reservoir
probably reflect considerable evapotranspiration, and are pfobably not
representative of freely flowing water to the north of the the reservoir.

" Two sampling points should be located on the Rio San Jose; one directly
above, and one directly below, its confluence with the Rio Paguate. Results of

analyses from these samples could be compared, to determine influence of flow

from the Rio Paguate on quality of water in the Rio San Jose.
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Sampling frequency and types of analyses

Water—quality samples should be taken initially about once évery 2 months.
Lf trends can be established for given discharges, sampling frequency might
later be extended to ounce every 3 or 4 months.

Surface-water quality is expected to be much more variable than

 ground-water quality, due to rapid influence by rainfall and ev;potranSpiration.
Care should be taken to obtain samples at various stream discharges. Minimum
concentrations of dissolved ions may be—expected_during the latter periods of
high discharge, and maximum concentrations during the latter periods of low
discharge. Loads of dissolved constituents should be computed by using
stream—~discharge data.

Typés of analyses should be the same as presently done for samples from th;
mine,_that is; common ions, total dissolved solids, minor elements, radium 226,
radium. 228, thorium 230, apd uranium. Temperatﬁre, specific conductance and pH
should be measured gn the field, Titration for alkalinity.should also be done
in the field.

Duplicate samples should be taken at least once a year. .Oné set of

duplicates should be analyzed by a laboratory independent from that normally

used, for the purpose of comparing laboratory results.
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* »Ground water

Water—-quality data collected Erém existing wells in the Jackpile mine will
probably be of limited use, because: (a) most wells are not located in areas
where data should be collected, and (b) water—quality data may not be
representative of that at the intended sampling point, due to excess shrinkage
of cement at the wells and resultant leakage of water from upper to lower zones.
Cement shrinkage in well annuli may have been considerable, as evident by
several feet of void annular space near ground surface at some wells.

Void annular space may fill with runoff, resulting in infiltration of water
f;om near surface down the cement-rock or cement-casing interfaces. Even if the
void space was again cemented at existing wells, the integrity of the deeper
cement bonds is questionable, and water from upper strata may move to lower
strata. Extensive cement shrinkage indicates- excess water has moved from the
cement during crystallization, and this may have resulted in permeable channels
forming along the bonding interfaces. Water—quality data from the wells may °
therefore not be representative of that in the strata to which the well is open,
Suggested cementing procedures Qud materials for sealing annuli-of monitoring
wells are given in appendix 3. If some existing wells are to be used for

monitoring, the wells should be pumped until pH and specific conductance of the

water have stabilized before samples are taken,
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One of two methods may be usedlto monitor ground-water quality at the
Jackpile mine. The first is to determine only the change in quality of ground
water that has flowed throﬁgh the mine. It is called limited monitoring in this
report. This method would neither describe the sources of possible
contaminants, nor describe areél changes in water quality. A second method is
to monitor the ground water in such a way that specific sources of possible
contaminants are determined, and spatial distribution of the possible

contaminants are described. It is called thorough monitoring in this report.

-
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Limited monitoring

Probably as few as three well sites would be needed to monitor ouly the
change in quality of ground water flowing from the open—pit mining area. Oune
well site should be at the southern perimeter of the mine, about 2000 ft east of
the stream—gaging station shown on (fig. 3). One well should be completed in
alluvium, and one well completed in the sandstone unit of the Brushy Basin
Member at this location. The second well site should be at the southeast corner
of the mine, about 3060 ft southeast of waste dumps C, D, E, F, and G. Two
wells should be completed at this location, as described for the site near the i
gaging station. A third well site should be at the north end of the mine, for
the purpose of establishing natural water quality. A suitable site would
probably be near the Rio Moquino, abéut 1000 ft north of well M9. Again, one
well should be completed in alluvium and one well completed in the sandstone
unit of the Brushy Basin Mémber.

After uanderground mining has ended, a well should be completed in the
sandstone unit qflthe Brushy Basin Member in Oak Canyon to monitor possible flow

from the underground mining area.

CONFIDENTIAL . ' | ~ POL-EPA01-0008567 * R
. ) v .'_. R :- . . ‘/




CONFIDENTIAL

Tiiorough monitoring

Thorough monitoring involves mich more extensive well coastruction than
would be done in limited monitoring. Not only would more wells be installed,
but difficulties should be expected during construction of wells to be completed
in backfill,

Monitoring wells should be constructed in pit backfill after all planned
backfill has been placed. Water-quality data from the wells can be used to
describe probable maximum concentrations of dissolved substances resulting from
Feclamation and discharging to adjacent rocks and streams. At least one well
should be located at each of the following sites: the north side of the South
Paguate pit; the south side of the North Paguate pit, and; the west side of the
Jackpile pit, where the contact of the Jackpile sandstone and mudstone unit of
the Brushy Basin Member is below g;ound level. Ideally,>the wells should be

positioned at the downgradient end of the backfill. Gradients could be

determined by installing several sméll-diameter wells in each pit, and

periddicaily measuring the water levels in these wells. Bec;use pit backfi11.
may not saturate to equillibrium levels for several years, more monitoring wells
may have to be constructed later at the down~gradient areas, in addition to the
minimum of three described above.

Hultiple-yéll locations are deseriged in the following paragraphs.- The

wells should be clustered: ,ehat is; distance between wells at any one location

should not be more than abqqt-30‘ft;'.-
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Wells for monitoring quality of water discharging from the pits should be
located as follow. Three wells west of the Jackpile pit, near the Rio Moquino:
one completed in alluvium; one completed in the upper part of the Jackpile
sandstone, and; one completed at the base of the Jackpile sandstone. Two wells
"should be completed about 2000 ft east of the gaging station, as described in
the previous section. Also, two wells should be installed at the southeast
corner of the mine, as described in the previous section. Four wells should be
completed near existing wells M23 and P4: one in backfill; one in alluvium; one
near the top of the Jackpile sandstone, and; one near the base of the Jackpile
sandstone.,

If water quality is similar in backfill of the South Paguate pit to
‘backfill of the North Paguate pit, the proposed wells near existing wells M23
and P4 should suffice. If water quality is different in backfill of the two
pits, an additional set of‘four wells should be constructed north of thé Rio
Paguate, at the south end of the North Paguate pit. These wells should -be
completed in the same strata as described for the propo;ed wells near M23 aﬁd
P4, . |

Waste piles are too numerous to monitor separatély, from an ecounomic
viewpoint. The reclaimed part of “T; dump is sugge;ted as.a.representative
site. Four wells should be installed at the east side of the ﬁump, near the Rio
Moquino: oﬁé:completed in waste rock; one completed in ;nde;lyiﬁg élluvidm‘(if
present); ohé %n the upper part of the Jackpile sandsto;e, and; one near .the

base of the Jackpile ‘sandstone. ~ <L ; ..

- . . T, -

CONFIDENTIAL : ' T " POL-EPA01-0008569




o - - e s
- -— .
- . . . .

At least one monitoring well sﬁould be installed at the dumps blocking the
valley east of Gavilan Mesa, because water occasionally ponds in this area. The
well should be located in the valley, immediately downstream from the piles, and
completed a few feet below the water table. The water table may be in the
alluvium, or may be in the underlying bedrock. Ideally, two other wells should
be located at the upstream end of the dumps, near the area of ponding. Omne of
the wells should be completed in waste rock, and the other completed a few feet
below the water table.

Natural water quality shﬁuld be determined by installing three wells about
1000 ft north of existing well M9. One well should be completed in alluvium,

one in the Jackpile sandstone, and one in the sandstone uait of the Brushy Basin

Member. .
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.Sampligg frequency and types of analyses

Initial é;mpling frequency should be about once every three months. If
trends can be established after several sampling periods, the frequency could be
changed to about twice-yearly. If samples are collected two times a year, one
sampling period should be in late winter, and the other in late fall. Local .
recharge in the mine area is probably least in winter, and greatest in summer,

Types of analyses should be the same as presently done for samples from the
mine, as explainéd in the section regarding proposed surface-water monitoring.
Temperature, specific conductance and pH should be measured in the field.
Titration for alkalinity should also be dome in the field. Duplicate samples
should be taken at least once a year for the purpose of comparing laboratory

results. -
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SUMMARY AND CONCLUS[ONS

About 2600 acres of land are to be reclaimed at the Jackpile mine,
located on the Laguna Pueblo Indian Reservation in norhtwestern New Mexico.
Uranium was mined at ground surface from the Jackpile sandstone in the
Morrison Formation, during the period 1953 to 1980. Reclamation plans include
partial backfilling of three open pits to reduce radon exhalation, and
modifying the shape of waste-rock piles located outside of the pits.

The pits are as much as 200 to 300 ft below the adjacent ground stéfacé,
and encompass about 1,015 acres. Piles of waste rock are as much as-;ze*ft in
height, with most about 50 to 75 ft. Thirty-two piles of waste rock cover
1,266 acres. Planned reclamation includes making waste piles flat-topped, so
as to resemble the mesas in the area. Terraces and berms are to be
.constructed on the sides of the piles to reduce erosioﬁ:~

Primary hydrologic concerns are that oxidétiéﬁ and large. surface area of.

‘ rock fragments in backfiil and waste piles may promote above—normal-
dissolution of r;ck miﬁerals, inclu&ing minor elémentsrand_ra&ionuélideé, by
water flbwiﬁg through the waste...Virguailyvpo.data'exiét regarding quality of
watéf~pa§sing through ﬁhe_wasté fock?'howeverq .Watgrrfrom w;ste-rock will
discha?ge t&: adjacent streams, énd;:éqjacent aquiferé, étiﬁcipallynthe
alluvium and the Jackpile'sandétoneg EE P

Tﬁe copogréphy.bf the Laguna area is mounfainogs,'witﬁ ﬁu&erogs ’
spectacular mesas. Altitudes range f;om 11,300 fc at ﬁount Taylor to 5,700 ft
on the Rio San Jo;e south of the J;ckpile mine. The climate is arid, withf‘-
.me;n-dnnual raigfalt'df.9.§‘in. Surface-water évhporéﬁion is about -

. .7 +76-in/year} as measured By.the pan evaporation.method. - Evapoétahspirhtion -
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The Rio Paguate flows through the Jackpile mine, and the Rio Moquino is -
tributary to the Rio Paguate in the northern part of the mine. The Rio
Paguate flows into Paguate reservoir about 4 mi below the southern mine
boundary, then enters the Rio San Jose about 0.5 mi south of the reservoir.
Mean daily discharge of the Rio Paguate is about 1.2 ft3/s at the south end of
the mine, about 50 percent of which is base flow. Peak discharge during large
floods ranges from about 1,520 ft3/s once every 5 years to about 10,500 fe3/s
once every 500 years, as estimated by the basin-characteristics method.

The Rio Paguate flows over waste rock between the north and south Paguate
pits. Present loss of stream water between the Paguate pits is due to I
infiltration of the backfill, and lowering of the water table in the area due
to loss of water from pits and pumpage from underground mines.

Pondiﬁg may occur where waste dumps block an arroyo at the east side of
the Jackpile mine. Maximum depth of_pondgd water is estimated as 3.9 ft for a
flood flow of one day at recurrence interval of 50 years. Depths are less
than 2 ft for most flow periods and recurrence intervals. Wa£érAfrom-the pond
‘will infiltrate underlyiné éllqviuﬁ.énd waste rock at;the upstream end of the
dumps.. |

Sediﬁent,has nearly filled the Paguate reservbif.since cogstruction of
‘the qam in 1940.'.Sediment yield due to mining is less than abouf.l pefceﬁt of
total sediment yield in the basin, and sediment deposited in Lhe res;rvoir due
to mining is estimated as less than 0.2 acre-ft/year. The small sediment
contribution resulting from mining is due to the.externally draining mine area

" constituting only about one percent of the 107 mi2 drainage area in the Rio
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* ® DRAFT

The recharge rate in the Rio Paguate drainage basin is about 0.1 in/year,
based on the sum of base flow and underflow through alluvium. Rates may vary
locally with elevation, grouand slope, rock type, and distribution of alluvium
and aeolian deposits. Recharge to rocks in the Jackpile @ine is from high
areas on the flanks of Mount Taylor to the west, and probably from Mesa
Chivato to the north. Some recharge may occur locally in the mine. Regional
ground-water flow is southward toward the Rio San Jose, and eastward toward
the Rio Puerco. Most of the local flow in alluvium and in the Jackpile
sandstone discharges to mine pits, to underground mines preseantly being
dewatered, and to the Rio Paguate and Rio Moquino. Some ground-water may flow
from the mine via alluvial and aeolian deposits, and from rocks im the Brushy
Basin Member.

The hydraulic conductivity is about: 22 ft/day for:the alluvium, and;
0.3 ft/day for the Jackpile sandstone, and for a sandstone bed in the
underlying part of the Brushy Basin Member. Mudstone beds approximately

'fldO ft thick separate the déepg? sandstone from.the Jackpile sandstone. Poor

~hydraulic $onnection between .the two sandstone strata indicates that the
mudstone unit is a lower hydroiogic boundéry-in the mine area. Head
differences betﬁeen the two sandstone bedé_iﬁdicate.dqgnwayd flow of sﬁme

water from the Jackpile sandstone, however.
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Water in the Rio Moquino is a sodium-calcium-magnesium—sulfate type, with
total dissolved solids of about 1,800 mg/L. Water in the Rio Paguate above
the Rio Moquino is a sodium—bicarbonate.type, with total dissolved solids of
about 600 mg/L. Below the confluence of the streams, the water in the Rio
Paguate is of the same type as in the Rio Moquino, with total dissolved solids
of about 2,000 mg/L. Mean concentrations of total dissolved solids in samples
from ground-water sampling locations range from 900 to 1,500 mg/L.

Sulfate concentration is the limiting factor for public use, and for some
agricultural uses, of stream water- in the mine area. The water in the Rio
Moquino 1s high in sulfate before it reaches the Jackpile mine, and this
high-sulate water dominates the water quality in the Rio Paguate below its
confluence with the Rio Moqino. Concentrations of minor elements were below
maximums established for use as a public water supply, and for.agricultural
and industrial use, except for occasional samples in.wnich manéanese; boron
and selenium exceeded thé limits for use as a public supply. |

Mean concentrations of uranium and radium 226 increase through the mine
area at various surface;water'sampling sites., Tﬁey are less at Paguate |
reservoir than at the southern part of-the mine, but they are greater at
Paguate reservoir than at sampling sites above the mine. None of Fhe mean
values exceeded recommended maximum concentrations for public‘use._ No
rndxvxdual stream-water’ samples exceeded recommended 11m1tsAfor radium 226
.above the mine. Numerous individual samples obtained, lmmedxately above and

:;below the confluence of the Rxos Paguate and Moquino exceeded the recommended ' i

maxrmum concentratxon of radrum 226 for publxc consumpt1on. Concentratxons in -
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surface water are apparently changed by ground-water 1nflow near the S "

- .. LS - K - - . '

" f.ff: confluence "of the: Cwo streams. No sdmples exceeded recommended lrm;ts Eor

) - . . . s . @
. - -, . e [ A . Y.
. o . A . . . . . .o e AR

Gﬁroxem 230, for use "agh a publ1c supply.. T T e T iJ ;'-
-t Tiae . _: . - ‘. ‘_' A . - . vt 0np ~ «* e .l E
N . e . '::. . bt ... . .:. N c' 078 : * :.(‘ . . * .". . ’e‘f ¥, :

-
-
. .

CONFIDENTIAL. . : . .-. L RN 4 , . 0 o:

POL-EPAO1 0008575"

~- . o .-



Part of the backfill will saturate after reclamation. The water will
discharge to adjacent strata, and to streams.

will primarily be from bacfill to the stretch of the Rio Paguate adjacent to

Discharge from the Paguate pits

the pits. Most discharge from the Jackpile pit will probably be from backfill

to the Jackpile sandstone, then to alluvium and to the Rio Paguate. Some -

discharge from the.Jackpile pit could be to strata underlying the Jackpile

sandstone,
At equillibrium, the altitudes of the water tables in pit backfill are
partly controlled by the altitude of the Rio Paguate adjacent to the pits.

Other factors controlling the altitudes of the water tables are: recharge

rate to the backfill, and; hydraulic conductivity of the backfill, alluvium,"
Jackpile sandstane, and mudstone unit of the Brushy Basin Member. Computer
flow models should be made of the pits to estimate post-relamation

equillibrium levels of the water tables in backfill. -
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Waste piles are different hydrologically from backfill, in that they
receive only local recharge. Recharge will be from direct precipitation on
most piles, and basias fé?med by berms>around terraces will promote
infiltration. Recharge to the upstream part of the backfill blocking the -
arroyo east of Gavilan Mesa will be due to ponding at the faces of the dumps.
Virtualiy no information exists regarding extent of saturation in waste pi}es,’
howeve;.  Previous studies showed waste rock as having a hydraulic

conductivity of 190 ft/day. The waste rock may be permeable enough so that

saturation is limited, and of short duration. Discharge from the piles may be ‘

to ground surface, or to underlying alluvium and bedrock. Computer flow
models should be made of a tfpical waste pile, and of the waste-pifes.slocking
‘the arroyo east of Gavilan Mesa.

After reclaﬁatiqn, most shallow ground-water will p;obably discﬁ&rée to
streams in the mine. kemaining~ground3water’wi11 probably:flowipo the south
and eﬁst, where qros;on‘ﬁasbremoﬁéd the northwé;tfdipping'qépkpiie:sandstone 
from the valle;s. 'Rem;ininé ;hallow ground watér from thé mine;;ill‘thérefore
méyé primarily throﬁgh éliﬁuinm{ and some will ﬁo;e.through'@ﬁdstone.and;“
san&stopé béﬂs which underlie the alluvium. .

-

Four surface—ﬁhter-monitofiﬂg stations should be established, in addition
~ to those presently sampled. Their locations should be as follow: at the
gaging station on the Rio'Paguate at the south end of the mine, on the Rio

Paguate immediately north.of Paguate reservoir, on the Rio San Jose

immedfétely upstream from the Rio Paguate; and on the Rio‘San Jose immediately

‘downstream from the Rio Paguate. The present sampling station’ at the "ford .- ..

‘gr@éﬁingﬁ could be discontinued. i .- T }:L_ gty
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Sur face-water—-quality samples should be collecteéd about once every two
months, and at different dischargéé. If trends can be established for given
discharges, sampling frequency could later be extended to once every three or
four months. Loads of dissolved constituents should be computed using
stream~discharge and water-qualtity data collected at the gaging station.
Duplicate sampling should be done at least once a year, to compare laboratory
results. Types of aﬁalyses should be: "common ions, total dissolvéd.solids,
minor elements, radium 226, raéium 228, thorium 230,.gna uranium.
Temperature, specific conductance, pH, and alkalinity should be measured in’
the field. | .

Quality of ground water may be monitored as: diimited monitoringf; in
which only the change in water quality ig.determined as'thé grouand Qater'iiows:
from thé-ming, or; "thorough monitotingJ,‘in whicﬁ’speéiffé sources of -

_possible contaminants are determined, and spatial distribution of the possible
contaminants are described. As_few as three well locations are needed for
limited monitoring: one at the northern part of the mine for determining

natural water quality, and; two .at the south and southeast ends of the mine to

determine changes- in water quality which_would:likely be due to.miniﬂg,'"

Paired wells should be completed at each location as follow: one in alluvium,

and one in the sandstone strata below the mudstonme unit in the Brushy Basin -

Member. Many more well locations are required for thorougﬁ.@qp;toring,‘ihd are

described in the text of this report. T T -

-

. :Ground-watér-qbglity samples shoul&}be collected. initially about once
every- three mphths.' If trends can _be established, the freduéncywéould-be -

_ .
¥, .

e changed -to twice-yearly. ‘Types. of ‘analyses, field'measﬁremedfkﬂ;aqg'ddﬁi?cptgd.'
* .. _. " sampling should be the same as described -aboye . fot surfacq*watfrf ¥Rl
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Appendix 1. Mean monthly and mean annual discharge for Paguate Creek near Laguna,
New Mexico. All values are in cubic feet per second. ;

Year Oct Nov  Dec Jan Feb Mar Apr May Jun Jul  Aug Sep Annual
1937 - - - - - 1.45 1.77 0.73 0.61 0.66 0.77 0.70 -

1938 0.78 0.98 1.15 1l.16 1.07 1.18 1.24 1.21 0.91 0.82 0.35 1..03 0.99
1939 0.76 0.92 1.04 1.06 1.04 1.58 2,09 0.85 0.48 0.93 0.88 0.62 1.02
1940 0.85 1.10 1.22 1.16 1.62 1.18 1.14 0.92 0.47 0.80 0.76 1.06 1.02
1941 0.84 1.67 1.42 1.18 1.59 5.92 12.6 14.7 1.51 0.71 0.93 2.42 3.80

Appendix 2. Mean monthly and mean annual discharge for Rio Paguate below Jackpile
mine near Laguna, New Mexico. All values are in cubic” feet per second.

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

1976 - - ] - ‘ - 1.21 1,05 0.48 0.38 4.18 0.79 -
1977 0.67 1.07 1.15 1.66 1.68 1.66 1.53 2,00 0.54 0.69 1.71- 3.40 1.48
1978 0.47 0.61 0.95 1.55 2,09 1.34 0.81 0.98 0.37 0.28 3.33 0.20 1.08
1979 0.22 1.59 0.80 1.99 2,66 3.57 1.36 1.13 0.56 0.16 1.26 0.76 1.33
©1980.0.30 -0.69 0.65 1.59 1,77 1.80 0.82 0.29 0.12 0.047 0.095 2.28 0.87
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Appendix 3. Suggested procedures for cementing annuli of monitoring wells.
Mounitoring wells should be cemented by commercial cementing firms, rather !

than by drilling contractors, because they have equipment and expertise not

normally available on drilling rigs. Cement should be injecked down the inside

of the casing, followed by an air or water drive to force the cement up the

wells annulus, from the bottom of the cemented section to ground surface. The

exterior of the well casing should be slightly rusted, and have centralizers

attached every 20 to 40 ft. Modern cementing equipment should be used,

including a high-pressure cementing head attached to the top of the casing,

float shoe at the bottom of the casing, and top and bottom cementing plugs.

A 50 percent pozzolan, 50 percent portland cement should be used to

increase longevity of the cement bond, because the high-sulfate water in rocks

at the Jackpile mine may cause rapid deterioration of solefy portland cement.

Additives of sodium chloride or gypsum cement should be used torbrovide at least

0.15 percent expansion. Water content sﬂoﬁid be minimal. It should be

sufficient only to provide thoéough mixing with the dry cement, and provide low.-
‘ enough vxscosxty to enable pumplng down the 1nsxde of the casing. Bentonite méy

be used for 1mprov1ng flow rate durlng pumping, and Eor sorbing part of the
- _exeess-water; ) ‘ . ‘
~iye ﬁaSe; column used fo Hgive-eement'eut:ofréhé:caeingéshbuld be reqovedlfi

immediately after emplacement, so that micro-annular spade.&oes not develop as a_

‘result of later contraction of the casing.

‘Cementing will prove‘particularly difficult for wells that are completed in -
waste rock, and losses of some wells may be expected: - Void sealants could be -.- -
uséd in attempts to retain cement in the well annuli. .If void space is so large
that it is not possible to cément the annuli, it would. probably be. sufficent to‘
divert rainfall and surface runoff from the wells. This.may be accomplxshed by
excavating a hole around the top of the well, and filling-it with gement or:"
) concrete. The hole- should be at least 2 ft. deep at the well caslng; .at least ;
" &+ 3 ft deep at jits perxmeter, and at least 15 Et-in diameter. The EUtﬁice of ahe—~,5

v - cement should be sloped downward awvay . ftom tbe cas;ng. .
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